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INTRODUCTION 


lOTRODUCTION 


Proteins  have  long  been  recognized  as  having  very 
complex  chemical  structures.  Conventional  chemical  and  physical 
methods  have  failed  to  yield  a  complete  picture  of  protein 
structure.  It  is  desirable  to  supplement  such  studies  by  data 
obtained  from  as  many  methods  of  attack  as  possible. 

Monolayer  work  reported  herein  is  primarily  concerned 
with  the  determination  of  molecular  weights  of  plant  proteins. 

In  addition  to  this,  data  are  presented  on  other  properties 
of  protein  monolayers,  such  as  compressibilities,  limiting 
areas,  dipole  moments,  and  expansion  patterns.  As  the  protein 
monolayer  work  is  part  of  a  larger  project  initiated  to  study 
plant  proteins,  monolayer  data  are  correlated  with  osmotic 
pressure  and  electrophoretic  measurements  in  an  attempt  to 
elucidate  the  structure  of  proteins  in  general. 

Molecular  weights,  and  other  properties,  have  been 
determined  for  egg  albumin  as  a  control,  and  for  the  three 
pea  proteins?  legumin,  vicilin,  and  legumelin. 
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PROTEINS 

Proteins  are  chemical  compounds  in  which  the  alpha 
amino  acid  is  the  basic  building  unit.  Fischer’s  hypothesis 
stated  that  the  alpha  amino  acids  are  joined  up  by  peptide 
linkages  forming  long  chains.  Bergmann  and  Niemann  (6)  concluded 
that  certain  simple  numerical  relations  hold  between  the  amino 
acids  in  any  protein.  An  expression  was  developed  for  the 
number  of  amino  acid  residues  per  molecule |  further  it  was 
implied  that  each  amino  acid  occurs  in  the  peptide  chain  at 
regular  intervals.  A  somewhat  different  theory  has  been 
developed  by  Wrinch  for  globular  proteins  (4).  In  the  Wrinch 
cyclol  theory  pairs  of  amino  acids  are  linked  together  in 
piperazone  rings  which  are  arranged  in  the  cyclol  fabric.  The 
cyclol  fabric  is  considered  to  be  folded  into  a  cage^like 
structure  forming  globular  proteins.  Other  theories  of 
protein  structure  have  been  advanced  also. 

Protein  molecular  weights  range  from  five  thousand 
to  several  million.  The  methods  of  determining  molecular 
weights  are  by  osmotic  pressures,  sedimentation  and  diffusion, 
sedimentation  equilibrium,  size  of  unit  cells  in  protein 
crystals  (x»rays),  viscosities,  chemical  analysis,  and  protein 
monolayers. 
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Although  they  are  among  the  largest  molecules  known 
to  science,  protein  molecules  are  very  small.  With  Philippi  (32) 
one  might  say  that  protein  molecules  are  so  small  that  the  part 
played  by  their  surface  becomes  altogether  predominant.  It  is 
not  surprising  then  to  find  many  protein  characteristics  to  be 
essentially  surface  characteristics. 
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THEORY  OF  MONOLAYERS 

A  monolayer  or  monomolecular  film  is  a  layer  of 
material  one  molecule  thick  spread  on  a  liquid  or  solid  surface. 

The  following  surTey  will  be  limited  to  monolayers  on  liquid 
surfaces. 

History 

In  1890  Rayleigh  observed  that  the  surface  tension  of 
water  was  reduced  by  a  layer  of  oil  on  the  surface.  Measurements 
carried  out  on  such  an  oil  film  showed  it  to  be  one  molecule  thick. 
A  short  time  later  Pockels  introduced  the  use  of  a  trough  with 
moveable  barriers  for  the  study  of  oil  films.  The  next  major 
advance  was  made  by  Langmuir  in  191?  (20)  who  designed  the  first 
film  balance  to  study  oils  and  pure  chemical  compounds  such  as 
long  chain  fatty  acids.  Within  the  next  few  years  the  monolayer 
field  was  entered  by  many  other  workers i  Adam  and  Harding, 

Schofield  and  Rideal,  Schulman,  Gorter,  Harkins,  Philippi  and 
others.  Monolayer  technic  has  been  applied  to  the  study  of 
proteins  by  Gorter,  Langmuir,  Philippi,  Derivichian,  Rideal,  and 
very  recently  by  Bull. 

Monolayer  Spreading 

When  a  particular  material  is  placed  on  the  surface  of 
a  body  of  water  it  may  do  one  of  several  things i 
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1.  go  into  solution 

Z,  pass  through  the  surface  unchanged 

3.  remain  on  the  surface  unchanged 

4*  spread  out  over  the  surface. 

Three  theories  of  spreading  have  been  developed  to  explain  the 
spreading  process: 

(a)  Rayleigh’s  Theory:  All  liquids  spread  on  the  surface 

of  clean  water.  An  impurity  on  the  surface  will  prevent  spreading. 

(b)  Langmuir’s  Theory:  The  liquid  will  spread  if  molecules 
contain  a  polar  group  and  a  non-polar  group. 

(c)  Harkin’ s  Theory:  This  is  a  general  thermodynamic  theory 
covering  all  types  of  spreading  (5).  Briefly  it  states  that  a 
monolayer  is  formed  with  or  without  the  formation  of  an  inter* 
mediate  unstable  duplex  film  if  the  free  energy  of  the  film 
system  is  less  than  that  of  the  clean  water  surface.  A  duplex 
film  is  described  as  one  sufficiently  thick  that  the  upper  and 
lower  surfaces  of  the  film  are  independent  of  each  other,  and 
yet  thin  enough  that  properties  of  the  film  are  independent  of 
gravitational  forces. 

By  definition,  the  lowering  of  the  free  energy  of  the 
surface  is  termed  the  film  pressure.  Any  substance  giving  rise 
to  such  a  pressure  is  said  to  be  surface  active.  Since  surface 
tension  is  a  measure  of  the  free  surface  energy,  the  film 
pressure  may  be  expressed  as  the  difference  in  surface  tension 
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between  clean  water  and  the  film-covered  water. 

Structure  of  the  Film 

Since  the  duplex  film  is  known  to  exist  only  as  an 
unstable  intermediate  film  if  at  all,  the  discussion  will  be 
restricted  to  monomolecular  films, 

A  monolayer  may  be  pictured  as  molecules  of  the  surface 
active  material  floating  about  on  the  surface.  Langmuir’s  theory 
may  be  expanded  here  by  saying  that  this  system  will  be  stabal- 
ized  if  the  molecules  are  part  non-polar  and  part  polar s  non¬ 
polar  to  make  them  insoluble  in  the  underlying  water,  and  polar 
to  prevent  them  from  evaporating  if  they  are  small  molecules, 
and  to  prevent  them  from  coalescing  if  they  are  large.  The 
molecules  are  thus  anchored  to  the  surface  where  they  are  quite 
free  to  move  about.  An  example  of  such  a  surface  active  material 
is  a  long  chain  fatty  acid  with  its  polar  carboxyl  group  at 
one  end  of  a  non-pclar  hydrocarbon  chain, 

A  study  of  such  a  simple  arrangement  of  molecules  on 
the  surface  should  yield  much  information  about  size,  shape,  and 
other  properties  of  the  particles.  Since  the  molecules  are 
**anchored"  to  the  surface  the  film  is  a  two  dimensional  system. 
Matter  in  three  dimensional  systems  can  exist  in  three  principal 
states,  gaseous,  liquid,  and  solid.  It  is  reasonable  to  expect 
similar  states  of  matter  in  two  dimensional  systems.  Such  is 
found  to  be  the  case.  In  addition  to  these  three,  several 
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additional  states  occur  as  shown  in  figure  1  (1).  This  variation 
is  attributed  to  large  lateral  adhesional  forces  in  the  film. 
Gaseous  Films  and  Molecular  Weights 

Similar  to  an  ideal  gas,  an  ideal  gaseous  film  is  one 
consisting  of  molecules  of  negligible  size  without  adhesion  for 
each  other.  For  an  ideal  gas  the  equation  of  state  is 

PV  *  nRT 

This  becomes  FA  ~  uRT  in  two  dimensions.  The  proof  for  this 
relation  follows  exactly  that  of  the  equation  for  three 
dimensions  (3).  By  measuring  the  film  pressure  F,  area  A, 
temperature  T,  and  knowing  the  gas  constant  R,  one  can  calculate 
the  number  of  moles  "n”  in  a  given  film.  Knowing  the  amount  of 
surface  active  material  comprising  the  film,  the  molecular  weight 
can  be  readily  calculated. 

Real  gases  show  deviations  from  the  equation  of  state 
for  an  ideal  gas  a  illustrated  in  figure  2.  At  constant  temp“- 
erature  the  product  PV,  for  an  ideal  gas  is  constant,  while  for 
a  real  gas  it  is  a  function  of  the  pressure.  Gaseous  films  show 
similar  deviations  from  the  perfect  gaseous  film.  At  very  low 
pressures  the  properties  of  a  real  gas  approach  those  of  an 
ideal  gas  as  shown  in  figure  2, 


AREA 


Figure  1. 

States  of  Monolayers 


Pressure  x  Volume 


PPESSUPE 


Figure  2. 

PV-P  Curves  for  Gases 
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In  practice,  film  is  prepared  and  film  pressure  readings 
F  are  made  for  corresponding  film  area  readings  A,  as  the  film 
is  compressed  by  reducing  the  area  in  steps.  The  FA-F  curve  is 
plotted  from  these  readings  and  the  equation  for  best  straight 
line  through  the  points  is  calculated.  Fatty  acid  films  are  of 
oxygen  type*  All  gaseous  protein  films  studied  have  been  found 
to  be  of  the  hydrogen  type  with  an  equation  of  the  general  form, 

FA  *  a  +  bF 

where  a  and  b  are  constants, 

THien  F  *  0 
FA  ®  a 

Since  at  very  low  pressures,  the  film  becomes  ideal  the  FA  » 
intercept  a  may  be  used  in  the  equation  of  state  for  an  ideal 
gaseous  film  and  the  molecular  weight  calculated. 

The  slope  b  of  the  FA^-F  curve  is  quite  important  as 
it  is  a  measure  of  the  area  of  the  surface  actually  covered  by 
protein  molecules,  and  hence  can  be  used  to  calculate  the 
dimensions  of  the  molecules  on  the  surface. 

High  Pressure  Measurements  -  Condensed  Films 

In  a  gaseous  film  the  molecules  are  free  to  move 
about  with  a  considerable  mean  free  path.  When  the  film  is 
compressed  the  molecules  are  pushed  together.  From  an  examin= 
ation  of  the  force»area  relationships  in  the  latter  region 
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much  can  be  learned  about  the  nature  of  the  molecular  packing. 
Compression  may  be  simply  a  matter  of  pushing  the  molecules 
together  on  the  surface  until  they  are  as  closely  packed  as 
they  are  in  a  crystal.  On  the  other  hand  the  molecules  on  the 
surface  may  be  extensively  re«orientated  during  compression 
giving  rise  to  the  expanded  type  of  film. 

As  suggested  in  figure  1,  an  extrapolation  to  zero 
force  of  the  condensed  portion  of  the  F^A  curve  gives  a  value 
for  the  limiting  area  of  the  material  on  the  surface.  If  re¬ 
orientation  takes  place  during  compression  one  might  find  two 
or  more  limiting  areas.  A  comparison  can  be  made  between  the 
high  pressure  limiting  areas  and  the  area  obtained  from  the 
slope  of  the  FA'^F  curve  for  the  gaseous  region. 

A  plot  of  the  compressibility  coefficient  -  1  dA 

A  W 

against  the  film  area  is  useful  in  the  study  of  condensed 
films.  Such  a  curve  describes  in  detail  the  behavior  of  the 
film  on  compression.  The  shape  of  such  a  curve  and  the  point 
of  minimum  compressibility  can  be  used  empirically  in  the 
identification  of  unknown  materials. 

Surface  Potentials 

By  definition,  the  surface  potential  of  a  film  is  the 
difference  between  the  potential  existing  across  a  clean  water 
siorface  and  that  across  the  film-covered  surface.  As  Langmuir 
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suggested  in  his  theory  of  spreading,  the  surface  active  molecule 
is  highly  orientated  at  the  surface  with  the  polar  group  down  in 
the  water  and  the  non-polar  part  away  from  the  surface.  This 
indicates  that  the  molecule  on  the  surface  exists  as  a  dipole. 

As  such  it  would  profoundly  influence  the  potential  difference 
across  the  water  surface.  As  ccmpression  of  the  film  is  carried 
out  the  molecules  of  the  film  are  pushed  closer  together  thus 
causing  a  steady  change  in  the  surface  potential  of  the  film. 

If  the  potential  is  expressed  as  charge  per  molecule  which  is  in 
effect  the  proportional  to  the  dipole  moment  of  the  molecule ^  a 
change  would  not  occur  until  the  orientation  of  the  molecule 
itself  was  altered.  The  term  "orientation”  is  used  here  to 
cover  any  ct^nge  in  the  nature  of  the  molecules  in  the  film. 

Helmholtz  (4)  showed  that  the  change  zaV  in  surface 
potential  caused  by  a  film  containing  n  molecules  per  square 
centimetre  is  given  by 

-  4Ti  n jj^ 

is  the  average  vertical  component  of  the  change  in  dipole 
moment  .of  the  part  of  the  surface  occupied  by  a  film  molecule, 
including  all  effects  due  to  re’distribution  of  ions  in  the 
interior  of  the  solution,  and  re -orientation  of  vmter  molecules. 
Schulman  and  Rideal  (4)  assumed  that  the  term  jla,  could  be  split 
up  into  two  completely  separate  parts i  u,  expressing  the 
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absolute  vertical  component  of  the  dipole  of  each  film  molecule 
and  another  terra  due  to  redistribution  of  ions  and  re -orientation 
of  the  water  molecules  when  the  film  is  formed.  Adam  and 
Harding  (4)  showed  that  this  assumption  was  invalid  and  favoured 
the  use  of  ^  as  an  indication  of  the  orientation  of  the  dipoles 
in  the  film. 

A  change  in  molecular  orientation  should  be  accompanied 
by  a  change  in  dipole  moment  of  the  molecules. 

s  4ti  nyu. 

For  a  given  film  n  is  inversely  proportional  to  the  area.  Then 

aVA  **  4-n>tk« 
aVA  ” 

where  k  and  k*  are  constants.  The  relation  between  the  vertical 
component  of  the  dipole  moment  and  the  area  may  be  shown  in  a 
VA-A  plot. 

In  addition  to  this,  surface  potential  measurements 
are  indispensible  for  determining  the  homogeneity  of  films. 

Widely  varying  potentials  from  point  to  point  on  the  surface 
indicate  a  multi-phase  system  while  constant  readings  indicate 
a  homogeneous  film. 
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Expansions  Patterns 

A  very  simple  technique  for  the  study  of  protein  mono- 
layers  has  been  developed  by  Schaefer  (33).  An  indicator  oil  is 
prepared  by  mixing  oxidized  lubricating  oil  with  pure  mineral 
oil.  The  oxidized  oil  makes  the  mixture  surface  active  to  form 
a  duplex  film.  The  proportion  of  oxidized  oil  to  mineral  oil  in 
the  mixture  is  such  that  the  oil  film  gives  the  first  order 
yellow  interference  color  on  compression  to  one  dyne*.  A  small 
drop  of  the  oil  is  placed  on  a  clean  water  surface  where  it  . 
spreads  radially.  The  amount  of  oil  so  applied  is  enough  to 
cover  about  half  the  available  area.  A  small  amount  of  protein 
is  applied  to  the  surface  at  the  same  point  as  the  oil  was  placed. 
The  protein  spreads  at  very  low  pressure  and  pushes  the  oil 
ahead  of  it.  The  oil -protein  boundary  is  clearly  visible^  and 
is  called  the  external  spreading  boundary.  The  films  are  then 
compressed  until  the  indicator  oil  shows  a  pressure  of  nearly 
one  dyne.  A  second  application  of  indicator  oil  is  made#  this 
time  in  the  centre  of  the  protein  monolayer.  The  protein  film 
is  ruptured  in  a  manner  characteristic  of  the  particular  protein 
used.  The  external  spreading  boundary  and  the  latter  internal 
boundary  comprise  the  expansion  pattern. 

The  expansion  pattern  is  an  indication  of  the  state  of 
the  monolayer  at  that  particular  pressure,  A  gaseous  or  liquid 
*  'Dynes’  will  often  be  used  for  dynes  per  centimetre. 
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film  is  characterized  by  a  smooth  circular  pattern.  A  star¬ 
shaped  internal  boundary  is  obtained  from  a  rigid  condensed  film. 

The  external  boundary  is  less  useful  than  the  internal  because  it 
is  a  function  of  the  rate  of  spreading,  a  variable  that  is 
difficult  to  control  in  practice. 

Although  the  choice  of  one  dyne  may  seem  arbitrary,  it 
is  a  critical  pressure  for  protein  films,  in  that  the  films  of 
most  proteins  undergo  a  change  of  state  in  that  region. 

Related  Methods 

In  the  discussion  of  the  protein  monolayer  results, 
comparisons  will  be  made  with  the  osmotic  pressure  and  electro¬ 
phoretic  measurements  made  by  W.B.  McConnell  (3?)  and  L.  Wetter  (26) 
respectively.  A  brief  outline  of  these  methods  is  useful  at  this 
point. 

Osmotic  Pressures 

The  molecular  -weight  of  a  protein  can  be  determined 
from  the  osmotic  pressure  of  its  solution.  The  weight  so  obtained 
is  a  number  average  as  is  the  monolayer  molecular  xireight. 
Electrophoresis; 

A  protein  molecule  in  solution  in  an  electric  field 
tends  to  migrate  because  of  the  charge  on  the  molecule.  Electro¬ 
phoresis  studies  are  concerned  with  the  manner  in  -which  a  protein- 
buffer  boundary  moves  under  such  conditions.  Molecules  of 
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different  protein  species  have  different  charge -to -mass  ratios 
and  hence  the  rates  of  migration  are  different.  A  homogeneous 
protein  in  solution  is  characterized  by  a  single  peak  in  the 
protein  boundary,  while  a  heterogeneous  solution  may  have 
several  peaks.  Relative  sizes  of  the  peaks  are  an  indication 
of  the  relative  concentrations  of  the  protein  fractions  in 
solution.  By  means  of  a  suitable  optical  system  the  boundary 
can  be  photographed. 
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The  basic  unit  of  surface  film  apparatus  in  a  long, 
narrow,  shallow  tray  filled  to  the  brim  with  water  or  some  aqueous 
solution  on  which  the  film  is  spread.  The  area  of  the  film  is 
restricted  by  suitable  barriers  placed  across  the  tray  at  both 
ends.  Measurements  are  then  made  on  the  film  by: 

(a)  horizontal  film  balance 

(b)  Wilhemly  (vertical)  film  balance 

(c)  Surface  potential  system. 

These  measurements  may  be  made  simultaneously  on  the  same  film. 
This  apparatus  is  described  in  great  detail  by  Hahn  (15).  A 
brief  summary  with  modifications  follows, 

(a)  Horizontal  Film  Balance 

The  horizontal  film  balance  of  the  Langmuir -Adam  type 
used  in  this  work  was  that  designed  and  built  by  J.W.V.  Hahn  (15). 
Figure  3  illustrates  its  operation.  The  basic  unit  is  the  long 
narrow  tray  filled  with  a  suitable  aqueous  substrate.  Hear  one 
end  is  a  mica  barrier  F,  floating  on  the  surface,  joined  to  the 
edges  of  the  tray  with  thin  (0,01  mm.)  S-shaped  gold  ribbons  G 
which  serve  to  confine  the  film  while  still  allowing  the  float 
to  move  freely  within  limits.  The  film  is  confined  at  the  other 
end  of  the  tray  by  a  glass  barrier  B.  When  the  monolayer  is 
compressed  by  the  glass  barrier  it  exerts  an  increase  in 
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pressure  against  all  its  boundaries.  The  only  moveable  part 
of  the  boundary  is  the  mica  float.  Its  motion  activates  the 
small  concave  mirror  M,  on  the  lower  torsion  wire  L.  Thus  a 
change  in  film  pressure  is  registered  by  a  change  in  the  position 
of  the  spot  of  light  reflected  from  the  mirror  to  the  scale 
some  seven  feet  away.  A  torque  is  then  applied  to  the  upper 
torsion  wire  U  to  return  the  light  to  its  original  zero  position. 
The  amount  of  torque  is  registered  on  the  dial  D  by  the  position 
of  the  pointer  P  attached  directly  to  the  upper  torsion  wire. 

Thus  dial  readings  are  directly  proportional  to  the  film  pressure. 
A  calibration  to  find  the  proportionality  factor  can  be  made  by 
placing  weights  on  the  small  pan  H  hung  from  the  horizontal  arm 
and  determining  the  dial  readings  necessary  to  return  the  light 
to  its  original  position.  The  horizontal  film  balance  is  used 
as  a  null  instrument. 

The  sensitivity  of  this  balance  can  be  altered  by 
altering  the  position  of  the  v/eight  on  the  vertical  arm  to  which 
the  float  is  linked.  The  mirror  is  mounted  securely  on  a 
separate  torsion  wire  (frictionless  bearing)  rather  than  on 
the  main  torsion  wire  in  order  to  magnify  displacements  of  the 
float. 

The  sensitivity  of  the  balance  was  increased  by 
changing  the  positions  of  the  gold  ribbons  to  allow  greater 


CJe'*n'orr 
Cf/.f  i  rv  '7.’ 

.-!  i.:j:rr  .  -v 


1 

Xi^o  .ji.  .  ‘  - '-ryj  I  :  ou  1.-"!  XI  5  T'urt”  -'XjI 

r  uJ-.  .  n  '-ri.r,  •r:.r  a’  vinf-rcd'  f-d,?*  “io  , 

r;'  ■  *;,.  J  '-.dd  nc  ,  ':•:  Tii  n  ovmiroo  IJ.yjnc; 


X 


*■ 

j  )  '  I  L- ;  1'  '•  ■ 

■  ’  r  f'-tJ  ,.k  .  "• - 

;/-  *t. 

.  1. 1 1  - . 

•'  :  .\1 '  i. :'. 

•trvXiX  flr.r 

.  ‘ ,  V  .nc  i 

i»ci  ■  i  ^c  . 

'!i:f  \  :  C  .'  'J  ',:  :i::  uc 

U'."!  1,11  on  c.I  of'i- 

\Oo  \io  .h'v.o'im 

.  #>*1/ V 

n.  Xv-i  -i  o  f 

V  J  ~  r  ‘ ■  r  b  -"ifl  r  ■  : j .  i” ‘'- 

•;,  ir.  sn’t  lo 

'Tit.vrv'i.j  r 

IJ'l  rnJ-  r  j  Irnc  J.Wm  j.. 

'ir  xT  't»r\Ir  ■-'•i.*  . 

lid'r  sud'I 

•v.d 

^■^r-rr  ad  r.;:!  ‘i  .‘or''.  •  ,1 

;  '  an  a  l*)n''rck't^.j,  nrX  nl  ’x 

■  Y 

oJ  ;»oi,^.: 

nt  i  X;?t>  A 

;  '  p  .'M  0  *:  I  oad'  odd  i  c  *1 ': 

•;r  ■'{  ::  !.  r  d  ,«■ 

.■•■  Iry.iq 

■•  ■ 

fi 

:  r  arid  n-tbJr-r  •)  1  ’•/ij.r* 

Of  c-  ^IT  £^r.:  '  n  7  f ,.  i,b  £-d,r 

Mr.  in  I:  -T 

h:;;i 

f-- 

"if  r  j  t  '  <  ,u  L .  -d  i  ' ;.• 

jf.  .'■  in  .'  .  CjJ  .J  £  oc 

.  rJ 

.  V  i'-i  ‘?:nl  li;y«T  ^ 

J  r.r  ^  I-:-'*  vn.’i.f.  '.d  'lo  Y'Ji  ' 


r  '^t  -  ’  I b'.  .•  '  iOfli  U.  wXl  .  *  ^1!  i  [  t  i  ,  ijc  ^  1 


■  lif-J  *io  Edj  '  fL' f  »^r->  I’  ^  •ioi'.'^to  fj.  •  ’  nc  .jjni  rrld 


♦*  -  iil*  ?■:  i  ..  -,v  'fOnalfjd  ‘  I'lci  1  i  J;  :  I'^if  *'•■''1 

t  rr;r.;  oJ  ';f<-  r,f^  'I,  r;a-:.yiav;q  tnj 


-  17  - 


freedom  of  movement  of  the  float.  It  was  felt  that  the  greater 
sensitivity  so  obtained  overshadowed  the  degree  of  uncertainty 
introduced  into  the  determination  of  float  length. 

The  range  of  the  instrument  can  be  varied  by  changing 
the  size  of  the  upper  torsion  wire.  For  all  the  work  reported 
here  a  phosphor-bronze  wire,  0.127  mm.  in  diameter  was  used. 

The  range  of  pressures  measurable  with  this  wire  is  0,005  to  1 
dyne  per  centimetre. 

(b)  Wilhelmy  Film  Balance 

The  vertical  film  balance  measures  changes  in  surface 
tension  by  changes  in  the  pull  on  a  glass  slide  dipping  through 
the  surface  of  the  water.  This  method  is  described  in  detail 
by  Harkins  and  Anderson  (16). 

Figure  4,  shows  the  principle  of  the  operation  of  the 
Wilhelmy  film  balance.  With  the  slide  suspended  in  clean  water 
the  iveights  on  the  pans  are  so  adjusted  that  the  slide  hangs 
low,  i.e*  the  light  is  high  on  the  scale.  When  a  film  is 
placed  on  the  surface  the  surface  tension  of  the  water  is  reduced 
so  that  the  slide  is  pulled  out  of  the  water  and  the  spot  of 
light  moves  do^vn  the  scale. 

It  is  found  that 
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k,  the  proportionality  factor  is  determined  by  finding  the  change 
in  scale  reading  AS  for  known  changes  in  weights  on  the  pans  aG. 
g,  is  the  acceleration  due  to  gravity;  t  and  w  the  thickness  and 
width  of  the  glass  slide;  aY  ,  the  film  pressure. 

The  Wilhelmy  balance  is  not  used  as  a  null  instrument. 

The  range  of  the  instrument  is  determined  by  the 
sensitivity  of  the  analytical  balance  and  by  the  dimensions  of 
the  slide  used.  Two  slides  were  used,  one  a  microscope  slide 
with  a  range  of  one  to  sixteen  dynes  and  the  other  thicker  glass, 

2'*  square,  giving  three  to  forty  dynes/cm.  Thus  the  vertical 
balance  was  used  for  high  pressure  and  the  horizontal  for  low 
pressure  measurements. 

(c)  Surface  Potential  System 

By  definition  the  surface  potential  of  a  monolayer  is 
the  difference  between  the  potential  drop  across  a  clean  water 
surface  and  the  potential  drop  across  a  film  covered  surface. 

A  diagram  of  the  circuit  for  measuring  surface 
potentials  is  shown  in  figure  5,  The  main  parts  are  the 
polonium  coated  air  electrode  which  is  so  mounted  that  it  can 
be  used  to  explore  the  whole  surface,  and  the  FP-54  electronic 
tube  amplifying  circuit  not  shown.  The  aluminium  tray  was 
given  about  ten  coats  of  Bakelite  lacquer  to  provide  electrical 
insulation  of  at  least  5000  ohms. 
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General  Assembly 

The  horizontal  balance  is  mounted  on  a  concrete  block 
set  on  a  layer  of  cork.  The  balance  is  surrounded  by  a  double 
wall  copper  box  through  which  thermostated  water  is  pumped. 

Balance  controls  are  so  arranged  that  the  balance  can  be  operated 
from  outside  the  box.  The  polonium  electrode  is  mounted  in  a 
carriage  on  the  balance  frame  and  the  Wilhelmy  slide  is  hung  by 
a  wire  passing  through  the  thermostating  box  from  the  pan  of  an 
analytical  balance  mounted  above  the  box.  Thus  the  film  can  be 
studied  under  conditions  of  constant  temperature  and  high  humidity. 
The  high  humidity  is  desirable  for  protein  work  in  general.  It 
also  facilitates  the  use  of  the  Wilhelmy  balance  by  preventing 
excessive  drying  of  the  slide. 

(d)  Preparation  of  the  Monolayer 

The  need  for  extreme  cleanliness  cannot  be  over 
emphasized.  This  is  particularly  true  when  low  pressure  measure^ 
ments  are  to  be  made  because  errors  in  pressure  measurements 
introduced  by  the  presence  of  surface  contamination  are  of  the 
same  order  of  magnitude  as  the  pressures  being  measured.  This 
will  be  discussed  later. 

The  tray  is  cleaned  by  scrubbing  it  under  a  hot  water 
tap,  and  then  a  very  thin  layer  of  paraffin  is  applied  by 
painting  a  benzene  solution  of  wax  on  the  hot  tray.  The  tray 
is  allowed  to  stand  over  night  and  is  then  washed  with  a  jet 
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of  cold  tap  water,  followed  by  distilled  water. 

The  liquid  on  which  the  protein  is  spread  is  a  35^ 
solution  of  ammonium  sulfate  as  recommended  by  Bull  (8).  The 
use  of  a  concentrated  salt  solution  as  the  underlying  solution 
makes  the  spreading  of  proteins  into  surface  monolayers  much 
more  rapid  and  complete.  Indeed  some  proteins  which  won*t 
spread  at  all  on  water  spread  very  readily  on  35^  ammonium 
sulfate  solution*  Reagent  grade  ammonium  sulfate  is  dissolved 
in  conductivity  water.  The  solution  is  treated  twice  with 
norite  (activated  carbon)  to  remove  any  surface  active 
contaminants . 

Compression  of  the  "clean*^  ammonium  sulfate  solution 
surface  to  one  quarter  the  original  area  gives  a  pressure  of 
about  0.03  dyne.  It  appears  impossible  to  reduce  the  surface 
contamination  below  this  point.  The  ’’residual  contamination” 
may  be  due  to  a  two  dimensional  vapour  pressure  of  the  paraffin 
on  the  edges  of  the  tray. 

The  tray  is  then  put  in  position  and  filled  with  the 
solution.  Water  is  allowed  to  stand  in  pools  on  the  bottom  of 
the  thermostat  box  as  well  as  saturating  a  cheesecloth  drape 
hung  across  the  back  of  the  box.  Often  steam  is  blown  into 
the  chamber  to  raise  the  humidity  rapidly.  The  system  is 
thermostated  over  night  in  order  to  attain  a  high  hiinidity 
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and  temperature  equilibrium.  The  temperature  gradient  across 
the  surface  is  measured  by  a  twelve  junction  thermocouple  so 
arranged  that  one  series  of  junctions  is  in  the  ammonium  sulfate 
solution  \vhile  the  other  series  is  in  the  air  beside  the  tray. 
Temperature  differences  are  measured  by  a  Type  K  potentiometer 
capable  of  detecting  differences  of  less  than  0,01®C.  A 
temperature  gradient  of  less  than  0.05®  is  considered  permissible. 
Description  of  a  Run 

The  surface  is  cleaned  by  about  ten  sweepings  with 
paraffined  glass  barriers.  The  horizontal  balance  head  is  then 
lowered  into  position^  the  "yyilhelmy  slid©  installed  and  the 
clean-surface  potential  read.  After  about  five  minutes  the 
zero  positions  of  the  balances  are  read  and  the  protein  is 
spread. 

In  general,  the  protein  solution  has  a  concentration 
of  about  five  milligrams  per  cent  nitrogen.  The  preparation 
of  the  protein  solutions  is  given  in  a  later  section.  The 
Blodgett  micropipet  (7)  used  to  transfer  an  accurately 
measured  volume  of  solution  to  the  surface  is  shown  in  figure 
6.  It  delivers  0.0785  millilitres  of  solution. 

As  the  contents  of  the  pipet  are  delivered  to  the 
surface  spreading  takes  place  rapidly.  Film  pressure  and  surface 
potential  are  read  after  equilibrium  is  attained.  Usually  two 
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or  three  minutes  are  required  to  attain  equilibrium  in  the 
low  pressure  range.  The  film  is  compressed  further  giving 
a  series  of  pressure  and  potential  readings.  The  electrode  is 
moved  about  fran  time  to  time  to  check  the  homogeneity  of  the 
film.  The  Wilhelmy  balance  with  the  heavy  glass  slide  begins 
to  register  a  pressure  as  the  range  of  the  horizontal  balance 
is  exceeded  at  one  dyne  pressure.  The  float  of  the  horizontal 
balance  is  then  clamped  in  position  and  the  run  continued. 

In  the  higher  pressure  ranges,  above  fifteen  dynes,  ten  or 
fifteen  minutes  are  required  for  the  film  to  come  to  equili™ 
brium  after  each  compression. 

It  is  found  that  after  five  or  six  runs  the  residual 
contamination  has  increased  about  three  fold.  At  this  time 
the  balance  is  dismantled  for  cleaning.  The  ammonium  sulfate 
solution  is  either  discarded  or  treated  with  norite. 

Expansion  Pattern  Apparatus 

Little  equipment  is  required  for  the  production  of 
expansion  patterns.  A  pyrex  tray  with  ground  edges  and  two 
or  three  glass  barriers  are  the  essentials.  The  edges  of  the 
tray  and  the  barriers  are  paraffined.  The  indicator  oil  may 
be  applied  with  a  platinum  wire  and  the  protein  with  a 
stirring  rod  or  pipet. 
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If  a  photographic  record  of  the  patterns  is  to  be 
made  the  bottom  of  the  tray  should  be  painted  black.  The 
camera  and  lights  are  so  arranged  that  high  contrast  between 
the  oil  and  protein  films  is  obtained. 


PROTEIN  PREPARATIONS 


PROTEIN  PREPARATIONS 


(a)  Egg  Albumin 

Egg  albumin  is  the  classical  example  of  a  protein  of 
animal  origin.  Due  to  the  fact  that  it  can  be  readily  prepared 
in  a  comparatively  pure  condition  through  a  few  recrystallizations 
it  has  been  studied  by  many  investigators.  Thus  the  properties 
of  this  protein  are  fairly  well  established. 

Egg  albumin  used  in  this  work  was  prepared  by  the 
method  of  Keckwick  and  Cannan  (20).  It  was  recrystallized  three 
times  and  dialysed  against  distilled  water  until  sulfate  free. 

The  solution  was  then  diluted  with  conductivity  water  which  had 
been  treated  with  norite  (activated  carbon  black).  The 
concentration  of  the  resulting  solution  was  obtained  by 
microkjeldahl  nitrogen  analysis  using  a  potassium  sulfate ^ 
selenium,  mercuric  oxide  catalyst.  All  calculations  involving 
egg  albumin  were  based  on  a  nitrogen  content  of  15.1^  (9). 

(b)  Plant  Proteins 

Much  of  the  early  work  on  plant  proteins  was  don©  by 
Osborne,  1891-1919  (30).  Various  plant  globular  proteins  were 
crystallized  by  dialysing  salt  solutions  against  water  (32).  The 
globulin  separates  cut  either  in  crystals  or  spheroids,  or  as 
a  mixture  of  both.  Octahedral  crystals  were  obtained  from 
brqzil  nuts,  hemp  seed,  flax  seed,  oats  and  squash  seed  but 
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none  could  be  obtained  from  the  legumes.  Osborne  and  Harris 
found  the  pea  (Fisum  sativum)  contained  three  proteins  (33); 

1.  Legumin,  a  globulin,  soluble  in  saline 

2.  Vicilin,  a  globulin  more  soluble  in  dilute  saline. 
Vicilin  solutions  coagulated  on  heating  to  a  boilj  legumin 
solutions  remained  clear  at  100®. 

3.  Legumelin,  an  albumin  with  properties  quite  distinct 
from  the  other  two. 

The  method  of  separation  used  by  Osborne  is  as  follovfs; 

A  ten  per  cent  sodium  chloride  extraction  of  pea  meal  is 
saturated  with  ammonixmi  sulfate  precipitating  the  vicilin  and 
legumin.  The  precipitate  is  redissolved  in  dilute  ammonium 
sulfate  and  dialysed  for  five  days.  The  precipitated  legumin  and 
vicilin  are  dissolved  again  in  ten  per  cent  salt,  filtered  and 
dialysed  ten  days.  To  the  dialysed  solution  is  added  enough 
ammonium  sulfate  to  make  it  .six-tenths  saturated.  The  precipitated 
legumin  is  dissolved  in  dilute  ammonium  sulfate  solution  and 
dialysed  seven  days.  The  vicilin  is  precipitated  by  increasing 
the  ammonium  sulfate  concentration  to  eight  tenths.  The  vicilin 
is  redissolved  and  precipitated  by  dialysis  for  seven  days.  The 
legumelin  is  made  up  of  two  parts,  one  precipitated  by  the 
addition  of  acetic  acid  to  the  saturated  salt  solution  while 
the  other  remains  in  solution  (31). 
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Peptization  studies  of  pea  flour  (14)  showed  that  there 
was  a  peptization  maximum  at  10-20^  and  a  less  distinct  one  at 
NaCl.  Presumably  these  maxima  corresponded  to  the  legumin 
and  vicilin  of  Osborne. 

The  isoelectric  points  for  Yicilin  and  legumin  have 

been  found  to  be  5.2  and  5.35  respectively  (12). 

Modifications  of  Osborne *s  Method 

Osborne’s  method  of  fractionating  pea  proteins 

involved  long  periods  of  dialysis.  This  was  undesirable  because 

there  are  proteolytic  enzymes  very  closely  associated  the  pea 

proteins  which  bring  about  changes  in  the  protein  structure. 

The  following  procedure  was  developed  to  shorten  the  period  of 

preparation  of  the  pea  protein  fractions** 

The  peas  were  balled  milled  for  several  hours  to 

give  a  very  finely  divided  meal.  About  90^  of  the  total  protein 

was  extracted  in  a  single  IC^  NaCl  extraction,  A  subsequent 

water  extraction  removed  about  8^  more.  The  pH  of  the  saline 

extract  was  changed  from  6.0  to  5.25  by  the  addition  of  dilute 

acetic  acid.  A  dilution  of  one  to  five  precipitated  most  of 

the  legumin  which  was  redispersed  in  10^  NaCl  and  reprecipitated 

*  In  this  preparation  as  in  all  subsequent  preparations  of 
pea  proteins  all  precipitations  were  made  at  a  pH  of  5.2. 

Normal  acetic  acid  was  used  to  adjust  the  pH  whenever 
necessary.  Measurements  of  pH  were  made  with  the  Coleman 
pH  Electrometer, 
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several  times.  The  supernatant  liquid  from  the  dilution 
contained  all  the  vicilin  and  the  remainder  of  the  water  soluble 
legumelin.  To  precipiate  the  vicilin,  the  salt  concentration 
was  reduced  by  dialysis  rather  than  further  dilution  in  order 
to  keep  the  volume  of  solution  down.  The  supernatant  was  dialysed 
one  day  and  the  pH  adjusted  to  5.25  and  the  vicilin  centrifuged 
down. 

The  legumin  obtained  after  several  purifications 
accounted  for  about  six  per  cent  of  the  original  proteini  the 
legumelin  15^;  and  the  vicilin  six  per  cent. 

Preparation  of  Vicilin 

It  was  felt  that  the  above  fractionation  could  be 
improved  by  the  use  of  an  electrodialyser  to  eliminate  the 
dilution  steps 

1.  40  gm.  of  ball  milled  pea  meal  were  extracted  for 
several  hours  with  500  ml.  of  10^  HaCl  solution,  follci.ired  by 
a  second  extraction  with  400  ml.  lOfo  NaCl.  The  combined 
extracts  were  electro»dialysed  to  reduce  the  salt  concentration 
to  2.6^  to  precipitate  the  legumin.  NaCl  concentrations  were 
determined  by  titration  with  standard  silver  nitrate  solution 
and  potassium  chromate  indicator.  For  a  complete  flow  sheet 
of  this  preparation  see  figure  7. 
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In  the  flow  sheet  all  vertical  lines  represent 
separations  by  centrifuging  into  the  supernatant  designated  by 
a  single  horizontal  line  and  the  precipitate  by  a  double 
horizontal  line.  X  indicates  discarded  material .  Centrifuging 
was  done  with  a  small  angle -centrifuge  at  about  4000  r.p.m. 

2.  The  supernatant  liquid  containing  the  legumelin 
and  vicilin  was  further  electrodialysed.  Reducing  of  the 
salt  concentration  to  less  than  one  per  cent  precipitated  the 
bulk  of  the  vicilin. 

3.  Vicilin  which  was  co-precipitated  with  the  legumin 
was  recovered  by  electrodialysing  the  crude  legumin  dissolved 

in  10^  NaCl.  This  precipitated  the  legumin  and  left  the  vicilin 
in  solution. 

4.  The  combined  vicilin  extracts  were  then  subjected 
to  further  purification  by  two  precipitations  and  finally 
dissolved  in  Z%  NaCl  solution. 

For  monolayer  work  this  solution  was  diluted  with 
3^  NaCl  solution  which  had  been  treated  with  norite. 

W.B.  McConnell  and  L.  Wetter  made  osmotic  pressure 
and  electrophones ic  runs  respectively  on  the  Z%  stock  solution 
of  vicilin. 
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Preparation  of  Legumin  (a) 

This  method  of  preparation  had  to  be  adopted  because 
during  prolonged  electrodialysis  of  legumin  solutions,  the  pH 
rose  to  9.5  rendering  the  legumin  quite  insoluble  in  10^-15^ 

NaCl. 

1.  40  gm.  pea  meal  were  stirred  with  200  ml.  of  10^ 

NaCl  for  15  minutes.  100  ml.  were  decanted  off  and  another  100  ml. 
of  NaCl  were  added  to  the  meal.  This  was  stirred  for  45  minutes. 

2.  The  suspension  was  centrifuged  at  4000  r.p.m.  in 

an  angle  centrifuge.  The  supernatant  liquid  was  filtered  through 
glass  wool  yielding  270  ml.  of  solution. 

3.  The  pH  was  adjusted  from  6.5  to  5.2.  fhen  the 
solution  was  diluted  to  two  litres  a  white  precipitate  appeared. 
This  was  allowed  to  settle  out  overnight  in  the  ice  box.  The 
cloudy  supernatant  liquid  was  decanted  off. 

4.  The  precipitate  from  ^  was  redispersed  in  150  ml. 
of  10^  NaCl  and  centrifuged.  Most  of  the  material  did  not  go 
into  solution. 

5.  The  supernatant  from  ^4  was  diluted  to  750  ml. 
and  allowed  to  stand  over  night  in  the  ice  box.  The  pH  was 
read  at  5.2. 

6.  The  next  morning  a  thin  layer  of  material  had 
settled  out  frcm  a  cloudy  solution.  The  whole  solution  was 
centrifuged.  The  precipitate  so  obtained  seemed  quite  soluble 
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in  25  ml.  10^  NaCl  although  subsequent  centrifuging  precipitated 
most  of  it  again. 

7.  The  precipitate  from  centrifuging  in  ^  was  stirred 
with  15  ml.  of  10^  NaCl  and  centrifuged  again.  This  extract 
ccmbined  with  that  of  ^5  made  up  the  legumin  stock  solution. 

Monolayer  runs  were  made  on  the  stock  solution  of 
legumin,  diluted  to  about  0.03^  protein  concentration  with  10^ 
NaCl.  L.  Wetter  also  made  an  electrophoretic  run  on  this 
material  diluted  to  b%  NaCl.  Further  dilution  precipitated  the 
legumin.  This  preparation  is  referred  to  as  legumin  (a) 
in  later  sections. 

Preparation  of  Legumin  (b) 

The  method  of  fractionation  used  here  was  essentially 
the  same  as  that  developed  by  Osborne.  The  extraction  of  the 
pea  meal  was  made  with  phosphate  buffer  and  the  legumin 
precipitated  by  making  the  solution  six®tenths  saturated  with 
respect  to  ammonium  sulfate.  The  legumin  was  reprecipitated 
several  times  and  finally  dissolved  in  buffer  solution. 

An  electrophoresis  pattern  was  obtained  for  this 

material. 

For  monolayer  work  the  solution  was  diluted  with 
norite»treated  conductivity  water.  Such  dilution  did  not 
precipitate  the  protein. 
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Preparation  of  Legumelin 

1.  80  gm.  pea  meal  were  stirred  with  500  ml.  distilled 
water  for  three  hours. 

2.  The  suspension  was  centrifuged  and  the  supernatant 
was  filtered  through  paper  and  dialysed  against  water  for  about 
eighteen  hours. 

3.  The  precipitate  from  dialysis  was  centrifuged  down. 

The  supernatant  was  saturated  with  ammonium  sulfate  and  the 
precipitate  was  collected  on  a  filter  paper.' 

4.  The  precipitate  was  dissolved  in  water.  The 
resulting  solution  was  dialysed  for  two  days.  A  considerable 
precipitate  was  filtered  off.  The  filtrate  was  dialysed  for 
24  hours  against  0.05  M  NaCl.  The  presence  of  the  salt  was 
desirable  in  osmotic  pressure  measurements. 

Monolayer  runs  were  made  on  the  dialysed  solution  diluted 
to  about  0.03^  protein  with  norite“treated  conductivity  water. 

L.  Wetter  and  W.M.  McConnell  made  runs  on  the 
dialysed  solution. 

The  concentrations  of  all  protein  solutions  used  in 
monolayer  work  were  determined  by  microkjeldahl  nitrogen 
analyses.  Such  analyses  were  carried  out  directly  on  the 
diluted  (0.03^)  protein  solutions.  All  pea  protein  calculations 
are  based  on  17%  nitrogen  content  as  indicated  by  Osborne  (33). 


EXPERIlViENTAL  RESULTS 


EXPERIMENTAL  RESULTS 


Molecular  Weights 
Egg  Albumin 

About  forty-five  molecular  weight  runs  on  egg  albumin 
were  made.  The  FA-F  curve  for  each  run  was  plotted.  Three  types 
of  FA-F  curves  were  obtained.  These  are  illustrated  by  the  plots 
of  typical  runs  in  figure  8.  The  first  tiventy-one  runs  were  of 
the  A  type.  Surface  potential  mapping  indicated  that  the  egg 
albumin  did  not  cover  the  entire  available  surface  of  the  tray. 
The  egg  albumin  occupied  the  central  portion  of  the  tray.  The 
boundary  between  egg  albumin  and  surface  contamination  was  made 
visible  as  shown  in  figure  9  by  spreading  the  egg  albumin  in 
the  midst  of  seme  lycopodium  talc  which  had  been  dusted  onto 
the  surface.  The  value  for  FA  in  the  FA-F  plot  is  the  product 
of  the  force  exerted  by  the  film  and  the  area  of  the  film  as 
given  by  the  area  counter  dial  of  the  balance.  The  area  counter 
dial  is  geared  to  the  worm  by  which  the  moveable  barrier  of  the 
balance  is  activated.  Thus  the  value  for  A  in  the  FA-F  curve 
is  too  high  when  the  egg  albumin  does  not  cover  the  whole 
surface.  An  area  correction  based  on  visual  observation  in 
talc  runs  lowered  all  the  FA-P  points.  The  points  at  the  low 
pressure  end  were  lowered  by  as  much  as  fifty  per  cent.  The 
correction  factor  decreased  to  about  ten  or  fifteen  per  cent 
as  the  pressure  was  increased  to  0.3  dynes  and  still  less 
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Figure  8 

FA“F  Curve  for  Egg  Albumin 


Figure  9. 

Film  Balance  with  Talc  Boundary 
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at  higher  pressures. 

Thus  the  shape  of  the  FA-F  curve  was  not  appreciably 
changed  by  an  area  correction.  It  was  found  that  the  benzene 
solution  of  paraffin  used  to  paraffin  the  edges  of  the  tray 
was  the  main  source  of  the  contaraination.  When  this  solution 
was  renewed  the  type  A  curve  was  still  observed.  Anomalous 
FA-F  curves  of  type  A  were  not  caused  by  surface  contamination. 

An  area  correction  applied  to  a  type  B  run  in  Figure 
9  changes  it  to  a  type  C.  In  a  type  C  run  the  points  all  lie 
on  a  straight  line  whereas  a  B  run  has  a  break  at  a  pressure 
of  about  0.2  dynes.  Above  this  pressure  the  contamination  is 
negligible.  The  improved  technique  for  cleaning  the  tray 
described  in  a  previous  section  was  adopted  late  in  the  investi¬ 
gation.  Most  of  the  runs  from  then  on  were  of  the  C  type. 

Only  when  several  consecutive  runs  increased  the  residual 
contamination  were  type  B  curves  observed. 

Figure  10  shows  the  distribution  of  molecular 
weights  obtained  from  egg  albumin  at  various  initial  surface 
concentrations.  Very  low  surface  concentrations  were  used  in 
the  early  runs  in  order  to  get  extremely  low  film  pressure 
readings.  Such  readings  would  give  FA»F  points  very  close 
to  the  FA  intercept  from  which  the  molecular  weight  is 
calculated.  Thus  additional  accuracy  could  be  attained  by 
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the  use  of  the  horizontal  film  balance  at  pressures  below  the 
range  of  the  best  Wilhelray  balance. 

At  low  surface  concentrations  anomolous  type  A  curves 
are  obtained.  Froa  such  curves  low  molecular  weights  are 
calculated.  It  is  reasonable  to  suggest  that  dissociation  of 
the  egg  albumin  molecules  takes  place  under  these  conditions. 

To  test  the  dissociation  hypothesis  of  egg  albumin 
monolayers  the  following  runs  were  made.  A  protein  filmms 
spread  at  an  initial  concentration  of  0.5  mg. /square  metre  and 
compressed  to  a  pressure  of  about  0,4  dynes.  The  underlying 
solution  was  then  cooled  by  circulating  cool  v/ater  through  a 
glass  coil  laying  immersed  in  the  solution  on  the  bottom  of 
the  tray.  The  solution  ms  cooled  about  five  degrees  and  then 
warmed  so  it  was  about  five  degrees  warmer  than  the  therraostated 
air  siarrounding  the  balance.  The  solution  was  then  cooled  to 
its  original  temperature.  The  film  pressure  at  the  end  of  the 
run  was  found  to  be  about  twice  the  original  pressure  as  shown 
in  figure  11.  A  second  run  was  made  in  which  the  order  of 
heating  and  cooling  was  reversed.  Again  the  pressure  was 
approximately  doubled.  From  an  examination  of  the  curves  in 
figure  11,  it  appears  that  heating  the  underlying  solution 
has  a  more  immediate  effect  on  the  film  pressure  than  cooling 


■  \  -t  lc»0  'i'  ‘i-i 


" '  '  ••'IT  '  '  *  -  JJ*!  Ji.  ■'"v. 'i  ir  ••  ■  ■•  '<1  ce-.u  eifj* 

•  •‘T  Irii-^Vnt/r'  !'•  ’  J  Jo 

f'f  1 i o  -  •r,-+'4i  j;- frr.;.,  H  '  t'ufn  tr^’ r 


( •i.i  \  •’ ii  •-•"Xoc'  /p'  X:.-v":j.?o 


lo  J . ;  j 


:  '1.6 

:  dJ-  c:.‘ 

/  "■o:X;-J  t.  loo-  io-'  r,Ioo;dXo 

';  i--  I#  2  ^  ‘}t  -:,i  •’-•T'i'fv+o  A;,fi  0..  ■  V  ;j  o-  i 


ru 


•  r '  O  C  e  D  tr.  • .'.'  A :  v .  I ;  ,-■  1'  0  ' 


Lsrrir 


MO  i  i  i .  V  •  X  i  '■■'  i  '  ., ;  X  j  3 '/  I  .ori  o  n 


nr.I'v. ••  f:ij  'ii'X  .  ’'ii\  •  iuoc!:^  'to  «  oJ  i^rnp/c'-i.'frou 


if:  o  M  t  f  0  :  :  i^CxLL’U  ■  .  \:S  n-<i» 


.,  ■  LIJ 

o  050 ■‘•too  Ai'x  )■  :-.o  iiCj’ Jj' [ :  r  ;  jf.v  uj.  i  ©notT  i.  i  i.Ioo 


■O^-vX  CVX':  ^•i>..d©  ?.-i  0  uZ.  m.;r'.;Iue  'k* 


-ffj- 


-Tf 


P  Oi  j  :j. 

1<>J\t::,  m-  ;;  .m  ^  -- ^  •  ^  o^firci  vV"!  •ii.'O'V:-  oj'w  dx  cc  i.) 

C.^  '5  l>or  n/r-  c/:r  r>r ,; /l  fy. '■  ,,,-7  ' .  ..-d  ^  {X  -Ib 

■'••!.!  'lo  . /.o  A.'*-  X 1  r''  .  •'■' J  ..tJ  J,?rX,.X'[0  Sx5x 

Oi!!  :  ‘;i,  i  j  '-o  '  •  oXtvit  h:odjS  cdcr)  tri;.-t'  itx;'I 

't  -  I'l*'-)  : r'-'X  '/  ri  'X  Y'  "r'v  -'jj-  1  .0‘  '  i  -  nl 

2CA  .'..00  -rc  :j-J  i.M'j/  .  ;  n-r-v-'.  .:-v  tiii.x.:  _  a.-  ^/li^n-orf 
f.  •  X  '  Oi .  Lcfj.;©*  7 f  t: J o.  iX  X'  '{  j r 
'  -  .  ‘J  .ii  'o’  ..  /  V7'f.-  .;  a.'  -.or  1'  .  !  ,M  •  'Xir^Xl 

:  .0-  o*a':c  'r  |  i X ',i  rtoi  .to c-^^i  ih  >  i  t  •: 't. <.•.».  .  orn 


r.  ::  7-  .  a 


r  / 


Figure  11 
T  CurTe 


TEnP.  6Rfi2)i£NT 


-  35 


has.  The  doubling  of  film  pressure  indicates  the  presence  of 
twice  as  many  protein  particles  on  the  surface.  This  supports 
the  dissociation  hypothesis. 

Thus  when  egg  albumin  is  spread  at  concentrations 
above  0.4  mg.  per  square  metre  and  zero  temperature  gradient, 
a  straight  line  is  obtained  from  the  FA»F  plot.  By  the  method 
of  least  squares  the  equation  of  the  line  is  found  to  be 
FA  •  0,0569  +  1.05  F 

where  F  is  the  force  in  dynes  per  centimetre  and  A  the  area  of 
the  film  in  square  metres  per  milligram  of  protein.  At  zero 
force  the  molecules  may  be-  considered  to  be  point  particles 
with  no  attraction  for  one  another i  that  is,  the  film  is 
analagous  to  a  perfect  gas  in  three  dimensions.  It  has  been 
shown  that  for  one  mole  of  such  a  film  at  25 

FA  ®  RT 

-  8.51  X  10*^  X  298  ergs 

*  24,7  X  10^  ergs  - 

When  F  ®  0, 

FA  “  0.0569  ^  X  dyne 
mg .  cm  * 

“  0.0569  X  10^  ergs/mg. 

Thus  the  molecular  weight  is 

24,7  X  10^  *  4,32  x  10*^  mg. 

0,0569  X  10^ 

”  43,200  gm. 
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Vicilin 

Vicilin  is  the  pea  globulin  soluble  in  3^  NaCl 
solution.  The  FA-F  curve  was  found  to  be  a  straight  line  with 
the  equation 

FA  «  0.0860  +  0.81  F 

The  molecular  weight  calculated  from  the  extrapolated  value  of 
FA  is  28,400.  The  mean  deviations, of  thirteen  runs  indicates 
an  error  of  about  1.8^.  Dissociation  variation  was  not  noticed 
although  initial  surface  concentration  was  varied  over  the  wide 
range  of  from  0.26  to  1.05  mg.  per  square  metre.  All  the  runs 
-'ffere  made  at  25  ®C. 

Legumin  (a) 

Legumin  is  the  pea  globulin  soluble  in  10^  NaCl 
solution.  Twenty“One  molecular  weight  runs  were  made.  The 
results  are  tabulated  in  table  1.  Runs  were  made  at  six 
different  temperatures |  changes  in  absolute  temperature  had 
little  or  no  effect  on  the  observed  molecular  weight.  Type  C 
runs  in  which  contamination  was  negligible  show  no  better 
agreement  than  types  A  or  B.  Type  A  runs  in  which  dissociation 
is  believe  to  be  taking  place  do  not  consistently  give  lower 
molecular  weights  than  C  runs  as  was  the  case  with  egg  albumin. 
The  conclusion  is  drawn  that  dissociation  has  probably  taken 
place  in  all  the  runs.  In  types  B  and  C  the  dissociation  is 
complete  before  the  pressure«area  measurements  are  started 
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while  in  A  the  dissociation  is  incomplete  at  the  start  of  the 
compression. 

In  runs  76,  77  and  73  spreading  was  carried  out  on  a 
comparatively  small  surface  thus  reducing  the  chance  of  dissocia¬ 
tion.  The  result  was  higher  observed  molecular  weights. 


Table  I 

Legumin  (a)  on  35^  (11114)2304 


No. 

Temp, 

Mol.  Wt, 

Type 

Slope 

59 

19,7 

38,700 

A 

0.35 

60 

25.2 

20,600 

C 

0,80 

61 

»t 

26,800  , 

C 

0.79 

62 

tt 

21,900 

A 

0,78 

63 

n 

29,100 

C 

0.30 

64 

n 

29,700 

c 

0,79 

65 

20,5 

26,000 

B 

’  0.80 

66 

n 

31,100 

C 

0.72 

67 

If 

26,500 

A 

0,78 

68 

33,5 

40,000 

0.74 

69 

IS 

34,500 

B 

0,88 

70 

.fS 

27,300 

B 

0,82 

71 

u 

31,100 

B 

0,85 

72 

28,8 

28,000 

B 

0,89 

73 

IS 

22,900 

C 

0,79 

74 

ft 

35,200 

C 

0.82 

75 

St 

49,700 

C 

0,84 

76 

IS 

38,300 

C 

0,81 

77 

n 

44,300 

C 

0,82 

73 

It 

41,300 

C 

0.82 

82 

25,0 

20,000 

C 

0.76 

*Balance  irregularity  -  Discard 
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Legimiin  (b) 

Six  runs  were  made  on  legumin  (b).  The  observed 
molecular  weights  showed  the  same  variation  as  for  legumin  (a). 
Legumelin 

Legume 1 in  is  the  water  soluble  pea  protein*  FA“F 
curves  are  shown  in  figure  IE.  The  equation  of  the  straight 
line  was  found  to  be 

FA  ®  0.183  +  0.75  F 

The  molecular  weight  is  13^500.  Dissociation  is  obvious  in 
run  #100  in  figure  12.  The  initial  surface  concentration  in 
#100  was  0.17|  in  #103  it  was  0.52  .mg/4'12 . 

The  molecular  weight  data  are  summarized  in  table 
2.  The  FA-F  curves  are  shown  together  in  Figure  13.  The  legumin 
curves  are  omitted  because  of  their  variability.  They  resemble 
the  vicilin  curve,  however. 

High  Pressure  Results 

High  pressure  runs  were  made  with  the  Wilhelmy  balance 
in  the  pressure  range  from  one  to  forty  dynes.  The  F^A  curves 
for  egg  albumin,  vicilin,  legumin  (a),  legumin  (b)  and  legumelin 
are  shown  in  figure  14.  The  corresponding  compressibility 
curves  are  shown  in  Figure  15. 
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Figure  12. 

FA“F  Curve  for  Legumelin 
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Figure  13. 
FA»F  Curves 
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Figure  14. 

F-A  Curves  for  pea  proteins  and 
egg  albumin 


Figure  15. 
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Surface  Potential  Results 

The  surface  potential  data  are  somewhat  limited  because 

1.  early  in  the  investigation  the  FP-54  electronic  tube 
failed,  and  several  months  elapsed  before  a  replacement  could  be 
obtained, 

2.  the  high  humidity  interfered  with  the  operation  of  the 
polonium  electrode.  The  operation  of  the  electrode  is  based  on 
the  fact  that  the  polonium  is  radioactive.  The  emission  of 
alpha  particles  ionizes  the  air  below  the  electrode  making  it 
locally  conducting.  TJhen  the  humidity  is  high  the  resistance 
of  the  air  gap  is  found  to  be  unusually  high.  This  is  probably 
caused  by  the  absorption  of  alpha  particles  by  condensed  water 
on  the  electrode. 

Philippi  (34)  reported  similar  difficulties.  The 
preparation  of  a  new  polonium  coat  on  the  electrode  did  not 
improve  its  operation. 

The  data  presented  here  are  believed  to  be  typical. 
aVA“A  values  are  plotted  in  Figure  16.  It  will  be 
recalled  that  aVA  is  proportional  to  the  vertical  component 
of  the  apparent  dipole  moment  of  the  spread  molecule.  The 
close  relation  between  aVA-A,  F=»A,  and  compressibility 
coefficient  curves  is  shown  in  Figure  17  for  legumin  (b). 
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Figure  16. 

VA=A  plots  for  pea  proteins  and 
egg  albumin 
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Expansion  Pattern  Results 

Expansion  patterns  of  legumelin,  vicilin  and  egg 
albumin  were  made  on  water.  Legurain  did  not  spread  on  water. 
Expansion  patterns  of  all  four  were  made  on  55%  ammonium  sulfate 
solution.  Patterns  on  the  solution  were  identical  in  all 
respects  with  those  on  water. 

Egg  albumin  gave  a  typical  star-shaped  internal  boundary. 
A  similar  pattern  was  observed  with  legumin  and  vicilin.  Legumelin 
however  gave  a  perfectly  smooth  internal  and  external  pattern. 
Photographs  of  the  expansion  patterns  are  shovm  in  Figure  18. 

Figure  18(a)  is  an  expansion  pattern  of  the  original 
pea  protein  extraction  which  contained  the  three  proteins, 
vicilin,  legumin  and  legumelin.  A  very  irregular  pattern  is 
obtained,  (b)  is  the  pattern  for  legumelin,  while  (c)  is  that 
of  vicilin.  Figure  18(d)  shows  a  pattern  for  egg  albumin. 

A  series  of  patterns  can  be  obtained  from  a  given 
protein  in  which  the  change  from  a  liquid  film  to  a  condensed 
film  is  evident.  At  very  low  pressure  the  film  for  legurain 
gives  a  smooth  circular  pattern.  As  the  pressure  is  increased 
the  internal  pattern  is  found  to  be  like  a  multi-pointed  star. 
Patterns  at  pressures  of  about  one  dyne  are  star-shaped  with 
about  three  points.  This  is  shown  in  Figure  18(e)  for 
legurain(a). 


W- 


'^}0  ;  _■  i;'r:rv  . i  'k>  Jd-^ ;;  r  v^ 

Jov  .'i'.  :• T.  ,j-cit  i-  <  »■  ,.t7si iiv--  :ic  tb/jr 

?■ 

•  .’l  O'ir’F  di'  'i.'.  '■■;rr»vf  -.'/n'i  IxH  lo  doi. 

?  ' 'j..i  fi-v  ir  .cd'  ^ri'  :'!0  iHf. 'i-i'dd  - «  U'l/Ioa 

»  *T'.*dinv  •?::;  ''jKOjfii  a;to*xjSo'i 

m'  'Y;:^  ±  L.rj^dX': 

t.  .  .  ■  ■  *■  .  "  "  ■  '■  -■ 

f'  '*--ivI  .  iltc'iJ  bii&'  nriad:icjl.  Xr^^-'i-ube  "  rrr‘i;c)T::‘c  A 

^  .  .  ■  /  . 

.  iL'-\  &j:^  bp.ft/  di)!  jfdc.ifTi  'fl  ^  TovmsjH 

.  »  'r  '  '  -  . 

•  ^  ' 'i  d-‘I  X’..o'.di  i’X-lzuifrJXz  .rli  to  ^.2xinx.''i^ioJx;iM 

t-;  '' -.ii  'x0  rci ii5<  ui  ^ 


:.T;  Jfiov 

fi,-;i<'Iv  .-ivi  t:>/>,*t:hxp  "cq 

<[ijx  v'-’iir  ji  .  ,’ 

haj7  ii'Lrdf^el  .iiXil:.«xv 

i  S\  ,7:.c-. 

..■r:,tl  y  ,l  r 

'  's  i*.J  ■  fiq  r,.'A  :•  u ;.  ( •'^ )  .  t;oxri  r, i-'k> 

-.k  ;  vf  ‘ic  :  ;T': jd'tdq  n  iiv;6ii;;  (b)o[  .-.dltoiv 

i  dvJ.;  j8  '  r:.i.'»d'uo  ;-d  ::  j  q  to  A  ' 


boirri 

o;;  r.-i: 

■■i  lli;[iS 

x;  iv-  Oj.'  J’ 

r  ;■  ■  >({:f  i^lrW.  r  L , 

•  1 

ai.cd'O'i'i 

li.r: 

::_vf 

'.-1  .it 

^  .”1  '  * 

x.tr-n-  ;.W  ■■, 

X  /  J  .  u-AXi-VS. 

8X  -U  J  t 

h'-<:rxt 

lUJi  .i 

-lOUct 

'iq  od»  :: 

.r.’r  i>i-'  nq 

ni.o  .ld‘L>;;n.!; 

i;  C.:v:3 

.-  .-Ji: 

‘Jt*  k’ 

r-idfr. 

..  ■'  '  '  I 

•vi  a:i  --('let 

..  i  i. ' '  1  •■  r.1  q  r ;  ui  1  •? J ) },  ’•  • 

f 

1  9t:.  .-'jl 

.  -nr  ‘  u 

'.'V7  'X:  ': 

'X'  Jx<:>'..'.^  ’■ 

:)  C'  \i‘  XiZq  Jfl!  i 

nvM 

;  w  -  f 

7  0  Iti 

frvvo.ir  Gt  : 

.  •  :  .  -ke  !;0.q  «  . 

•'  rut.Ox» 

^ir) 

'■t  '  .1 

• 

ti  f 

Figure  18. 
Expansion  Patterns 


Figure  18. 
Expansion  Patterns 
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Electrophoresis  Results 

Electrophoresis  patterns  for  vicilin,  legiimin  (a), 
legumin  (b)  and  legumelin  are  shown  in  Figures  19,  20  and  21, 


19(a 

)  Vicilin 

pH=6.41, 

cone.  0.3^, 

NaCl 

20 

Legumin(a) 

6.75 

0.3;;^ 

5%  NaCl 

19(b)  Leguinin(b) 

7.83 

1  % 

0.2  N  buffer 

21 

Legumelin 

7.73 

o,z% 

0.2  N  buffer 

These  results  are  included  here  through  the  kindness  of  Dr* 
McCalla  and  Mr.  Wetter. 
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(a)  Vicilin 


(b)  Legimin  (b) 


Figure  19, 


Figure  20* 
Legumin  (a) 


Figure  21. 
Legumelin 
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Gaseous  protein  films  have  not  been  studied  extensively. 
In  1938  Adam  (1)  wrote  "Protein  films  are  coherent;  their 
molecules  are  much  too  large  for  gaseous  films  to  be  detectable". 
In  1946  Bull  (8)  reported  a  determination  of  the  molecular 
weight  of  egg  albumin  by  measurements  on  gaseous  protein  mono- 
layers.  Using  a  Wilhemly  film  balance  he  reported  pressures  as 
low  as  0.04  dynes.  For  the  pressure  range  0.04  to  0.4  dynes  he 
found  the  FA-F  points  fell  on  a  straight  line  with  the 
equation 

FA  *  0.0554  +  0.970  F 

from  which  the  molecular  weight,  44,400,  is  calculated. 

In  the  present  investigation  the  gaseous  film  has 
been  studied  over  the  range  of  0.01  to  1  dyne  using  a  horizontal 
film  balance.  It  has  been  found  that  under  the  proper 
conditions,  the  FA-F  points  fall  on  a  straight  line  with  the 
equation 

FA  *  0.0569  +  1.05  F 

from  which  the  molecular  weight  of  43,200  is  calculated. 

The  2%  difference  between  these  two  molecular 
weight  determinations  is  believed  to  be  of  little  significance. 

It  is  possible  that  it  is  due  to  differences  in  the  methods 
of  determining  concentrations.  Microkjeldahl  nitrogen 
analysis  was  used  in  this  investigation  whereas  Bull 
determined  concentration  by  drying  samples  at  105®C.  in  a 
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vacuum  oven  for  twenty  four  hours.  Even  under  such  conditions 
of  drying  it  is  possible  for  some  water  to  remain  tightly 
adsorbed  to  the  protein. 

Guastalla  (45,46)  has  reported  molecular  weight 
determinations  on  proteins  by  means  of  a  horizontal  film 
balance.  The  molecular  weight  of  egg  albumin  was  found  to  be 
about  40,000. 

Osmotic  pressure  measurements  for  egg  albumin  have 
yielded  molecular  weights  of  45,160  by  Bull  (9),  43,000  by 
Marrak  and  Hewitt  (26),  45,800  by  McConnell  (28). 

Ultracentrifuge  studies  by  Svedberg  and  his  collabor¬ 
ators  yield  44,000  by  sedimentation  methods  and  40,500  by 
equilibrium  methods  (5,39). 

Molecular  weights  for  two  of  the  three  pea  proteins 
have  been  determined  by  McConnell  (28):  vicilin,  198,000; 
legumelin,  15,600.  These  results  will  be  discussed  in  a  later 
section. 

Electrophoresis  measurements  show  legumelin  to  be 
made  up  of  three  components  as  shown  in  Figure  19(d).  Close 
examination  of  the  pattern  shows  that  there  is  one  main  ccamponent 
accompanied  by  two  minor  ones.  Legumin  (b)  in  Figure  19(b) 
is  shown  to  consist  of  three  components  in  approximately  equal 
proportions.  The  electrophoresis  patterns  shown  in  19(a)  and 
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20  were  made  in  strong  sodium  chloride  solutions  rather  than 
the  customary  buffer  solution.  Other  work  by  Wetter  has  shown 
anomalous  results  when  sodium  chloride  solutions  were  used.  It 
cannot  be  said  definitely  that  vicilin  and  legumin  (a)  are 
single  components  as  indicated  by  their  patterns. 

It  is  quite  probable  that  legumin  (a)  is  not  made  up  of 
a  single  component.  Comparison  of  the  data  obtained  from 
legumin  (a)  and  legumin  (b)  indicates  they  are  the  same  material, 
because  of  similar  observed  molecular  weights  and  similar 
limiting  areas  as  shown  in  Table  2. 

Compressibility  curves  are  nearly  identical  and  are 
much  different  from  the  curves  for  the  other  pea  proteins 
(Figure  15).  There  was  one  important  difference  noted,  however. 
Legumin  (a)  precipitated  when  its  stock  solution  of  about  0.5^ 
protein  concentration  was  diluted  with  water.  The  phosphate 
buffer  solution  of  legumin  (b)  was  diluted  one  to  fifty,  and 
no  precipitation  occurred. 

Egg  Albumin  Structure 

In  the  following  discussion,  the  egg  albumin  measure¬ 


ments  are  interpreted  in  terms  of  molecular  structure.  Some 
theories  of  protein  structure  are  shown  to  be  unlikely,  others 
are  supported  and  extended.  Conclusions  are  drawn  about  the 
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mechanism  of  spreading.  In  this  respect  the  dissociation 
hypothesis  suggested  in  an  earlier  section  is  enlarged.  Behavior 
of  the  protein  film  is  used  to  interpret  the  structure  of  the 
spread  molecules. 

Bergmann  (6)  suggested  that  proteins  are  made  up  of 
long  polypeptide  chains.  "^Vrinch  (40)  developed  the  c^clol  theory 
based  on  the  assumption  of  a  lactim-lactem  transformation  involving 
two  amino-acid  residues,  which  are  supposed  to  form  a  closed 
hexagon.  Pauling  (50)  and  Palmer  (48)  have  suggested  a  layer 
type  structure  in  which  a  continuous  polypeptide  chain  is  the 
fundamental  unit  of  the  molecule. 

Much  evidence  to  support  the  Pauling  structure  has 
been  reported  in  the  literature.  Since  the  results  of  this 
investigation  also  support  it,  the  subsequent  discussion  of  the 
structure  of  egg  albumin  will  be  based  on  it. 

The  Pauling -Palmer  layer-type  structure  for  the  egg 
albumin  molecule  postulates  a  long  polypeptide  chain  folded 
in  such  a  manner  that  there  are  four  layers.  Each  layer  consists 
of  about  eight  segments  of  the  chain  lying  side  by  side,  each 
segment  having  about  twelve  amino  acid  residues  in  it.  Such  a 
layer  is  about  forty  angstroms  square.  Since  the  amino  acid 
residues  are  pictured  as  being  perpendicular  to  the  surface 
and  alternating  above  and  below  it,  the  thickness  of  the  layer 
is  bbout  ten  angstroms.  Pauling  suggests  that  the  chain 
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segments  are  held  in  position  through  hydrogen  bonding  between 
the  nitrogen  atom  in  the  peptide  linkage  and  the  oxygen  of  the 
Carboxyl  group  of  the  nearest  alpha  amino  acid  in  the  neighboring 
segment.  The  egg  albumin  molecule  is  considered  to  be  made  up 
of  four  layers  stacked  one  on  top  of  the  other  with  the  same 
polypeptide  chain  throughout.  Such  a  molecule  would  be  a  cube, 
forty  angstroms  on  the  edge,  containing  about  384  amino  acid 
residues . 

Detergent  studies  have  led  Palmer  (48)  to  suggest  that 
one  side  of  each  layer  is  predominantly  polar  while  the  other 
side  is  non-polar.  This  view  is  supported  by  Shaw  (62)  who  has 
made  surface  area  measurements  on  egg  albumin  with  the  standard 
Brunauer “Emmett  adsorption  apparatus.  He  found  abnormally 
high  surface  areas  for  water  vapour.  He  attributes  his  results 
to  the  adsorption  of  water  vapour  at  the  polar  interfaces 
between  layers.  X-ray  studies  on  denatured  egg  albumin  show 
that  egg  albumin  consists  of  long  polypeptide  chains  (42,43,44). 

In  the  present  investigation,  the  area  of  the  surface 
covered  by  gaseous  protein  particles  has  been  measured.  From 
Table  2  the  observed  area  is 

1 . 06  M^/mg . 

which  corresponds  to 


1.06  X  43,200  X  10^  x  lO^^  *  7500  IVniolecule 
6“.  06  X  1023 
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It  is  generally  recognized  that  protein  monolayers  are  about 
10  A  thick.  That  is,  the  film  is  .the  same  thickness  as  the 
Pauling -Palmer  layer.  It  seems  probable  that  in  the  spreading 
process  the  four  layers  are  displaced  so  that  they  lie  on  the 
surface  side  by  side,  lirJced  together  by  the  continuous  poly¬ 
peptide  chain.  If  such  were  the  case  the  area  of  the  surface 
covered  by  the  molecule  would  b^ 

4  X  402  =  6400  A^. 

The  small  difference  between  the  observed  and  the  calculated 
area  can  be  readily  accounted  for.  Firstly,  there  is  the 
carbohydrate  prosthetic  group  to  be  considered.  If  it  were 
spread  on  the  surface  it  would  occupy  about  Z%  additional  area. 
Secondly,  packing  of  the  layers  on  the  surface  is  probably  much 
more  random  than  in  the  native  cubic  molecule. 

Hughes  (47)  has  suggested  that  the  spread  protein 
consists  of  long  polypeptide  chains  on  the  surface  with  the 
amino  acid  lying  on  the  surface.  Such  a  structure  is  incompat¬ 
ible  with  the  area  figures  presented  above  because  in  that 
arrangement  the  area  of  the  molecule  would  be  several  times 
the  observed  figure. 

The  agreement  between  the  observed  and  calculated 
areas  indicates  that  the  orientation  of  the  acid  residues  in 
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the  layers  is  preserved  during  spreading.  If  only  the  residues 
on  the  edge  of  the  layer  were  to  drop  down  on  the  surface  the 

o 

dimensions  of  the  layer  would  be  changed  from  40  A  square  to 

o 

about  50  A  square.  The  spread  molecule  would  then  occupy  about 
10,000  ,  Since  the  observed  area  is  only  7,500  A^,  such 

re-orientation  seems  unlikely. 

The  findings  of  Rothen  and  Landsteiner  (51)  are  of 
interest  here.  They  prepared  an  anti-egg  albumin  rabbit  serum 
and  found  that  the  specific  antibody  in  the  serum  combined 
with  egg  albumin  monolayers  deposited  on  glass  slides.  It  is 
believed  that  the  surface  configuration  of  a  protein  is  the 
controlling  factor  in  a  protein-antibody  reaction.  The  Rothen- 
Landsteiner  results  indicate  that  the  original  surface 
configuration  of  the  egg  albumin  is  preserved  to  a  large  extent 
in  the  spread  film. 

The  foregoing  discussion  has  dealt  with  egg  albumin 
monolayers  of  the  normal  type,  that  is,  those  which  give  a 
C-type  FA-F  curve.  In  the  section  "Experimental  Results"  a 
dissociation  theory  was  presented  to  account  for  the  anomalous 
A-type  FA-F  curve.  In  no  other  monolayer  work  has  dissociation 
been  reported  as  such.  Guastalla  (46)  reported  a  molecular 
weight  of  12,000  fpr  hemoglobin  using  a  very  sensitive 
horizontal  film  balance.  The  accepted  figure  for  hemoglobin 
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is  63,000  based  on  ultraceritrifuge  sedimentation  measurements  (5). 
Although  Guastalla  apparently  did  not  mention  dissociation  to 
explain  his  low  result,  it  seems  apparent  that  dissociation  had 
taken  place. 

It  is  observed  in  Figure  10  that  little  or  no 
dissociation  takes  place  at  initial  surface  concentrations  of 
greater  than  0.4  mg./M^.  At  that  concentration  the  average 
surface  area  per  molecule  is 

45,200  X  IQS  X  lO^Q  «  17,800  A^ 

0.4  X  6.06  X  lb23 

The  area  of  the  surface  actually  covered  by  the  molecule  is 
about  7,500  A^.  Below  this  initial  surface  concentration 
dissociation  apparently  occurs.  Some  reason  must  be  given 
to  explain  why  a  particle  occupying  a  large  area  of  free 
surface  should  dissociate,  whereas  the  same  molecule  occupying 
little  free  surface  does  not.  From  a  consideration  of  the 
free  surface  energies  involved,  one  can  see  that  the  17,800  A^ 
available  area  is  more  efficiently  covered  if  the  molecule 
breaks  up  into  smaller  particles.  The  smaller  particles 
would  have  much  higher  thermal  velocities  than  a  single  large 
molecule  and  hence  would  cover  a  larger  area  in  unit  time. 

In  this  way  the  free  surface  energy  of  the  surface  would  be 
reduced  to  a  greater  extent  by  a  number  of  small  particles. 
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Since  the  four  layers  are  joined  together  by  single  peptide 
links,  it  is  quite  possible  that  one  or  more  of  the  links  could 
be  readily  broken.  As  the  total  area  of  the  film  (protein  + 
bare  surface)  is  reduced  the  tendency  for  dissociation  to  take 
place  is  reduced  until  a  point  is  reached  after  which  no 
further  breakdown  takes  place.  Thus,  in  the  early  part  of  the 
compression  run,  the  number  of  particles  on  the  surface  is 
increasing,  giving  rise  to  the  steep  portion  of  the  type  A 
FA-F  curve.  After  the  dissociation  rate  is  reduced  to  zero 
the  number  of  particles  on  the  surface  is  constant  so  the 
FA-F  points  fall  on  a  straight  line.  From  the  equation  of 
the  straight  line  the  average  particle  weight  is  calculated. 

The  slope  of  the  straight  line  is  found  to  be  greater  than 
1.05,  quite  frequently  double  that  figure.  This  can  be  accounted 
for  by  postulating 

1.  that  re -orientation  of  the  acid  residues  takes 
place  during  dissociation,  thus  giving  rise  to  an  increase  in 
surface  area  covered  by  the  protein  particles, 

2,  that  it  is  an  effective  increase  in  area  due  to 
the  increased  velocity  of  the  particles. 

From  measurements  on  normal  gaseous  egg  albumin  films, 
the  surface  area  covered  by  the  molecules  is  found  to  be 
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1.05  M^/mg.  An  extrapolation  of  F-A  curves  for  condensed  films 
gives  a  value  for  the  area  covered  by  the  molecules  when  they 
are  closely  packed  together  on  the  surface.  The  area  so  obtained 
is  also  1.05  M^/mg.  The  agreement  indicates  that  the  orientation 
of  the  egg  albumin  molecule  in  the  condensed  state  at  zero 
pressure  is  the  same  as  in  the  gaseous  state.  Although  this 
point  appears  quite  significant,  it  seems  to  have  been  over¬ 
looked  by  other  investigators. 

The  point  of  minimum  compressibility  is  found  to 
occur  at  0.84  M^/mg.  It  is  believed  that  this  is  the  minimum 
area  the  protein  film  can  occupy  without  collapsing.  (Bull  (8)) 
The  aVA-A  curve  shows  considerable  fluctuation  in  the  range 
0.84  to  1.02  M^/mg.  Evidently  the  film  is  undergoing  some 
fundamental  changes  in  this  range.  Philippi  (32)  believes  the 
film  is  being  "dehydrated”.  The  "dehydration"  consists  of 
squeezing  out  of  the  film  the  tightly  adsorbed  water  molecules. 
The  surface  potential  fluctuations  indicate  that  the  process 
is  quite  irregular,  perhaps  involving  a  phase  change  in  the 
film.  It  is  interesting  to  note  that  in  the  range  below  the 
point  of  minimum  compressibility,  the  ^aVA-A  shows  a  very 
steady  change  of  potential.  If  the  film  were  collapsing  as 
suggested  by  Bull,  it  would  be  expected  that  the  vertical 
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dipole  moment  of  the  film  molecules  would  show  considerable 
variation  frcm  time  to  time.  Such  variations  would  be  caused 
by  the  presence  of  crumped  and  folded  protein  film  under  the 
electrode.  Such  variations  are  not  observed;  instead,  just  a 
steady  change  of  dipole  moment  is  observed.  This  indicates 
that  "collapse”  of  the  film  consists  of  a  steady  re-orientation 
of  the  molecules  in  the  film. 

Simmiary  of  the  egg  albumin  structure 

The  egg  albumin  molecule  is  believed  to  be  a  cube 
made  up  of  four  layers.  TThen  the  molecule  is  spread  on  the 
surface  the  layers  "unleaf"  and  lie  side  by  side  on  the 
surface.  When  the  spreading  area  is  very  large  the  loose 
bonds  between  layers  are  broken.  The  spread  molecule,  even 
in  the  gaseous  state,  is  believed  to  be  highly  orientated, 
having  much  the  same  surface  configuration  as  it  had  in 
solution.  At  very  high  film  pressures  the  orientation  of  the 
spread  molecules  is  changed  in  some  regular  manner. 

Vicilin  Structure 

In  the  following  discussion  a  molecular  model  for 
vicilin  is  proposed  on  the  basis  of  a  layer  type  molecule. 

A  mechanism  of  spreading  is  suggested  and  supporting  evidence 
presented.  A  dissociation  theory  is  advanced  to  explain  the 
differences  between  monolayer  and  osmotic  pressure  molecular 
weights . 
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Vicilin  is  a  globulin  obtained  frcan  peas.  The  method 
of  preparation,  expansion  pattern  spreading,  FA,  FA-F,  compress¬ 
ibility  and  aVA-A  curves  show  it  to  be  quite  different  from 
the  other  globulin,  legumin  and  the  albumin,  legumelin.  No 
molecular  weight  data  has  been  published  for  vicilin  nor  for  eithe 
of  the  other  two  pea  proteins.  No  film  balance  studies  have 
been  published  on  any  of  these  materials. 

Film  balance  work  on  gaseous  vicilin  films  gives  a 
molecular  weight  of  28,400.  Osmotic  pressure  determinations 
by  McConnell  (28)  give  a  weight  of  198,000.  Obviously  some 
explanation  must  be  offered  to  account  for  these  divergent 
results.  The  following  discussion  is  based  on  two  assumptions; 

1.  the  vicilin  molecule  is  a  layer  type  molecule  as 
proposed  by  Pauling  (50)  for  globulins  in  general. 

2.  when  spread  as  a  monomolecular  film,  the  molecule 
dissociates  so  that  each  layer  exists  as  a  separate  particle. 

The  area  of  the  surface  covered  by  gaseous  vicilin 
particles  is  found  to  be  0.81  M^/mg. 

or  0.81  X  28,400  x  10^  x  10^0  =  3800  A^/molecule. 

- - S-.-m"  X  T-523 - 

The  layer  is,  then,  about  62  A  square.  The  cubic  layer-type 
molecule  should  be  about  62  A  on  the  edge.  About  six  layers 

O 

10  A  thick,  would  have  to  be  stacked  up  in  order  to  form  such 


-I'-  or?  ii'? 

'  .Y.^; 

gctI' 

;  2  [  •  .;  ■• 

•  -  r  •  1 

■  ^  •  ■  ■ 

'  ^  -V’  '•■' 

CO'  ll  r->CX' 

,  r:0}  Ic'in  -‘O'c.,  1<) 

i.yj  'll  J 1  - 

*.  *V'f  rb 

'"U  '-v  J  ... 

.  rf  «  nc’ciifn 

bo  o  vixIluX  i 

1 

,  c 

r.  -j  r-l  ^ 

(tt 

I>rr  r.i^ i.'oo  X 

' !  CO  J  "• '  I'CiV  1 

tie  -v';  -‘nr 

i '  .'  IJL  i  X  v’ 

‘-cl  I '.JLfc 

■  ••j3C  jerrV  ti 

-  •<),  '  . 

:rJc.J  irfl'r  ov! 

'o-icTc.  j'*>q  0^ 

:;1  -x-xac  o>:V  'to 

■ 

H 

.r.Ifti.*!  J  -.t; 

ocoocr  \;n»  x-o 

,f  CXC'  XITJtC  'j 

f  L-Vi'.' 

T* 

^-1:2  lO 

V, 

i'xolv  ^IJOOiSt^T:, 

nn  eviix.-i  -i 

f 


'1.JLJ2.:  oI  .001.-2  'lo  Jiibii  uw  *r- j.L^O;  In::' 

*  la  ,.  ■  <  ^  , 

■:/.  j  v.C:n"-ivf  '  .  ‘.'IC  .  r  "T,,i  b.  cvt;^  Xi'nrr£roI):/Ii  v;c:' 

'\  f  sdr-.iu*-  J'Ujooop.  jrJ'  b-  'i  Vic-  C'.ci^p;!- Iqxo 


1^0  .b;i2;c  ;  ti  itoI : :2i. o^it  .n  i?  n i .^  /Cuso-X 

"...r  ■  ,. 

i  n  rtH:^  :  ^ 


fi5!  n-IijQoXoi?;  ircV^.t  nrYftl.  -  c.1  ri  II  L:i 

.  I  r.i*  axri  Irdc  1",  -iv ’i  (‘■»-).  xd  i.-:  I'Ov^O’x 

t  ^  '1'  fot^i  ’pif-'  ,.■•.■■'.  f  LL'-elD;*!  nf'Oxr  ?.j  i  Tn*?-’'.  lofiv  .  ' 
■'.’In*-*:/  c-  'v  -Vt’X  Ycb'  .tjj/U  j:  reff>ii'Ci.::J.b 

'  V  '-'  I; '-'c ‘p'i  C':  \  I : ’iv'-Vut  ‘; -CJ '  ■' ■ii.'j  ‘io  B-rin  .-.iiV 

-  .  .\^*r  r"."  ffl  '  .r'--"'  2i  nVoiJ-tpq 


.  ir  ?DniDj'\‘/  Coi’o 


/  -.es  X  ' 


^  ^•--  . . 

) 

V  r>xfT  .  f-'.  .  /i'-i;  J  S'i)  ,  Bi  'i-  Y"! 

c*!  X .' ^  ii;  •  '  •  .■  .  ojiJ'  ra  Is?*  .Vk>c^»  ».''■/  ‘  . 'jO'  ictrf 

r^'  5.  r  '  -icj  ni  -^tj  f.  ? • : ■j.c', c ."'olxirl  )!  01 


■.  i 


lb 


k 


,,fy 


Vi 


-  54  - 


a  molecule.  Then  the  molecular  weight  of  the  cubic  molecule 
would  be 

6  X  28,400  *  170,000. 

If  seven  layers  were  used,  the  molecular  weight  would  be 
7  X  28,400  =  199,000 

The  molecular  weight  of  vicilin  in  solution  was  found  to  be 
198,000. 

Unfortunately  all  protein  concentration  determinations 
in  the  monolayer  investigations  were  made  by  raicrokjeldahl 
nitrogen  analysis,  while  all  osmotic  pressure  protein  concentra¬ 
tion  measurements  were  made  by  the  residue  weight  method  as 
used  by  Bull.  A  rough  check  of  methods  showed  that  the  figure 
28,400  was  somewhat  low  in  terms  of  a  concentration  based  on 
residue  weights.  Regardless  of  the  uncertainty  in  the 
concentration  figures,  the  evidence  presented  above  strongly 
suggests  that  in  solution  the  vicilin  molecule  is  a  cube  made 
up  of  six  or  seven  layers.  7/hen  the  vicilin  molecule  is  spread 
the  layers  separate  completely  and  the  observed  molecular 
weight  is  found  to  be  one -sixth  or  one -seventh  of  the  molecular 
weight  in  solution. 

The  dissociation  of  vicilin  during  spreading  is 
apparently  rapid  and  complete.  The  inibial  surface  concentration 
was  varied  over  a  very  wide  range,  0.26  to  1.06  mg/l^^,  but  no 
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appreciable  variation  in  molecular  weights  was  observed. 
Evidently  the  particle  with  the  molecular  weight  of  28,400  is 
the  basic  unit  of  the  vicilin  molecule  in  solution. 

It  is  evident  fran  Table  2  that  vicilin  is  much  like 
egg  albumin  in  that  the  gaseous  particles  are  highly  orientated 
and  the  limiting  areas,  areas  of  minimum  ccmpressibility,  and 
areas  at  which  the  vertical  dipole  moment  dhanges  are  all  inter¬ 
related.  It  should  be  noted,  however,  that  the  absolute  areas 
(M^/mg)  for  vicilin  are  somewhat  smaller  than  the  corresponding 
egg  albumin  areas.  This  may  be  explained  by  two  factors: 

1.  It  will  be  recalled  that  the  egg  albumin  molecule  is 
made  up  of  four  units  tied  together.  In  any  random  arrangement 
of  four  units  a  considerable  "dead"  space  exists  for  each 
molecule.  For  this  reason  the  effective  area  of  the  molecule 
may  be  increased  over  the  calculated  area. 

2.  The  vicilin  particle  on  the  surface  must  be  either 
thicker  than  the  ten  angstroms  reported  for  most  films,  or 
the  polypeptide  chain  segments  must  be  closer  together.  It 
is  rather  unlikely  that  the  film  is  thicker,  because  the 
thickness  of  the  film  depends  on  the  length  of  the  amino 
acid  residues.  It  is  improbable  that  vicilin  and  the  other 
pea  proteins  are  made  up  predominantly  of  long  amino  acids. 
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Thus,  experimental  results  suggest  that  the  chain  segments  are 
more  closely  packed  in  the  vicilin  layers  than  is  the  case 
with  egg  albumin. 

Summary  of  vicilin  structure 

The  vicilin  molecule  is  believed  to  be  a  cube  some- 
T/hat  larger  than  the  egg  albumin  molecule.  The  cube  is  made 
up  of  six  or  seven  layers  which  separate  completely  during 
spreading.  Like  egg  albumin,  vicilin  is  highly  orientated  on 
the  surface  even  at  very  low  pressures. 

Legumin  Structure 

Legumin  is  the  name  applied  to  the  second  pea 
globulin.  Preparations  were  made  by  two  different  methods 
yielding  purified  products  designated  as  legumin  (a)  and 
legumin  (b). 

It  has  been  shown  that  legumin  (a)  and  legumin  (b) 
are  nearly  identical  (page  44).  The  following  discussion  will 
be  concerned  with  the  globulin  "legumin”.  It  will  be  shown 
that  the  molecule  is  quite  large  in  solution  and  the  structure 
of  the  molecule  is  probably  not  of  the  layer  type. 

According  to  the  crude  and  somewhat  artificial 
system  of  protein  classification  developed  in  the  last  century, 
an  albumin  is  a  protein  soluble  in  water.  A  globulin  is  a 
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protein  insoluble  in  water  but  soluble  in  dilute  solutions  of 
neutral  salts.  Most  albumins  are  found  to  have  small  molecular 
weights  while  globulins  have  larger  molecular  weights.  It  is 
believed  that  the  difference  in  solubility  is  caused  to  a 
considerable  extent  by  the  size  of  the  molecules.  Electrical 
properties  of  the  protein  molecule  surface  are  also  believed 
to  be  important  (34).  The  idea  of  interaction  between  the 
surface  charges  and  the  neutral  salts  is  used  to  explain  why 
globulins  are  soluble  in  dilute  salt  solutions. 

The  egg  albumin  molecule  is  small  and  is  soluble  in 
water.  The  vicilin  molecule  is  large  and  soluble  in  Z%  NaCl. 

The  legumin  molecule  can  be  peptized  only  with  lO-EO^  NaCl. 

The  solution  so  formed  is  probably  only  a  colloidal  suspension, 
because  most  of  the  legumin  can  be  centrifuged  down  at  ordinary 
speeds.  This  indicates  that  the  legumin  molecule  is  probably 
larger  than  the  vicilin  molecule . 

From  a  consideration  of  the  shape  of  the  compress¬ 
ibility  curves  in  Figure  15  it  is  evident  that  legumin  is  quite 
different  from  egg  albumin  and  vicilin. 

It  is  evident  from  the  molecular  weight  determinations 
that  dissociation  is  taking  place  during  spreading.  The 
variability  of  the  observed  molecular  weights  is  shown  in 
Table  1.  As  pointed  out  earlier,  the  type  A  and  C  curves  show 
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the  same  distribution,  indicating  that  dissociation  has  taken 
place  in  both  cases.  It  is  believed  that  dissociation  is 
complete  in  a  type  C  run  before  readings  are  made,  while 
dissociation  is  still  in  progress  when  the  initial  readings 
were  made  in  a  type  A  curve. 

The  temperature  at  which  the  monomolecular  runs  are 
made  seems  to  have  little  or  no  effect  on  the  observed  molecular 
weight.  The  initial  surface  concentration  of  the  legumin  seems 
to  have  some  effect;  for  example  in  runs  76,  77  and  78  where  the 
concentration  was  high, the  observed  molecular  weights  were 
high. 

A  comparison  of  surface  areas  covered  by  the  gaseous 
film  and  the  condensed  film  shows  no  agreement  (Table  2).  This 
indicates  that  the  gaseous  and  condensed  molecules  are  quite 
different.  The  larger  area  for  the  gaseous  molecule  is 
probably  a  result  of  acid  residues  lying  on  the  surface  or 
the  presence  of  a  thick  condensed  film.  Since  the  area  range 
for  gaseous  molecules  includes  the  figure  for  gaseous  vicilin 
molecules,  it  seems  more  likely  that  the  gaseous  molecule 
resembles  vicilin.  In  that  case  the  condensed  legumin  film 
must  be  thicker  than  the  condensed  vicilin  film. 

Legumin  did  not  spread  on  distilled  water.  All  the 
other  proteins  did. 
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It  is  apparent  that  legumin  is  quite  different  from 
egg  albumin  and  vicilin.  The  properties  of  egg  albumin  and 
vicilin  have  been  shown  to  be  directly  related  to  a  layer  type 
molecule.  It  is  reasonable  to  suggest  then  that  the  legumin 
molecule  is  not  a  layer  structure. 

No  osmotic  pressure  measurements  were  made  on  this 
material.  From  the  electropheresis  patterns  shown  in  Figure 
19  b,  it  is  evident  that  legumin  consists  of  three  components 
in  about  equal  proportions.  The  properties  of  the  monolayer 
are  average  properties.  For  instance,  to  determine  molecular 
weights,  one  counts  the  number  of  particles  on  the  surface  by 
means  of  an  FA-F  plot  and  obtains  a  number  average  molecular 
weight.  The  variation  observed  here  cannot  be  attributed  to 
the  possibility  that  there  are  three  different  kinds  of 
molecules  on  the  surface. 

Suntoiary ; 

The  legumin  molecule  is  probably  larger  than  the 
vicilin  molecule .  The  layer  type  structure  for  the  legumin 
molecule  seems  unlikely. 

It  is  possible  that  the  Wrinch  cyclol  structure 
would  be  adequate;  the  experimental  results  do  not  support 
or  reject  it. 
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Legumelin  Structure 

Leguraelin  is  the  water  soluble  pea  protein.  The 
molecular  weight  is  found  to  be  about  13,500.  McConnell 
reported  a  molecular  weight  of  about  15,600.  Since  osmotic 
pressure  results  are  usually  higher  than  monolayer  results, 
the  agreement  is  considered  satisfactory.  13,500  is  the  lowest* 
particle  weight  determined  by  the  film  balance  in  this  investi¬ 
gation.  A  low  molecular  weight  is  expected  from  a  consideration 
of  the  legumelin  expansion  pattern.  Figure  18  b.  The  smooth 
circular  type  of  pattern  exhibited  suggests  that  the  film  is 
liquid  or  gaseous  at  a  pressure  of  one  dyne.  To  be  liquid  or 

I 

gaseous  at  that  pressure,  the  film  must  be  made  up  of  small 
particles.  All  the  other  proteins  studied  here  have  star¬ 
shaped  patterns  obtained  from  larger  molecules  compressed  into 
a  condensed  film. 

At  low  initial  surface  concentrations  the  legumelin 
is  found  to  dissociate  into  about  twice  as  many  particles,  as 
shown  in  figure  12. 

Electrophoresis  patterns  show  that  the  legumelin 
solution  contained  one  major  and  two  minor  components. 

The  low  pressure,  high  pressure,  and  electrical 
properties  are  found  to  be  similar  to  those  for  egg  albumin. 

One  distinctive  point  is  that  the  limiting  areas  are  low 


*  Obtained  from  type  C  FA-F  curves. 
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compared  with  the  other  proteins  studied  here.  Since  the  areas 
are  expressed  in  units  of  M^/ng.  it  appears  that  the  packing  of 
the  polypeptide  chains  in  the  leguraelin  molecule  must  be  much 
closer  than  in  egg  albumin.  In  other  words  the  molecule  appears 
to  be  denser.  Apart  from  this,  it  is  evident  that  the  legumelin 
structure  is  much  the  same  as  the  layer  type  egg  albumin 
structure . 


'iO 

riour  > 

ri  ‘  J  : 


K 

r 


j;  > 


•*‘C  -'.rj;  J'C-;.!  j  aJi'A  L  . 


as!* 


••.  C'.ff 


\-M  j  ri  t -a 


f  y:  .  :'i  3 


t'  w  ■:. J'.  10 ’•4o;ri‘ n  '  f-;-.Xf •,■.■•  r  tirfit  ui  <!st  hlqo^  vi  oa  -orvl 

l  .O'-'.lc.'T  acii  tf.X'io'v  Tl  ,  < I  "Xu .!  <^  i:ii  iiarfj  'i?' e  'lf;.' 

1  o.>‘.  jx  noYi  iTftqA  '.’ihznrb o:i- 

■■  X:‘f  '  ^  f'  eqvq  ..7  0V«J.  r.X-  W;ij3  OffJ  iMIiC.  Ff  /''X'C.’-CX'TJ';: 

a;  ■■  •  :■<  /"  .ii  ' 

. -‘la^ru-r^s 


• 


1 


" 


lvn'411 


4 


^  .  4. 


SUMMARY 


-  62 


SUMMARY 

It  has  been  shown  that  the  monolayer  technique  can  be 
applied  to  the  study  of  proteins  with  reasonable  success.  It 
has  also  been  shown  that  the  study  of  proteins  is  not  a  one-man 
task.  Information  must  be  gained  from  all  possible  sources  and 
then  correlated  to  develop  a  complete  understanding  of  protein 
structure.  X-ray  data,  electrical  data  such  as  dipole  moments 
discussed  by  Cohn  and  Edsell  (11),  electron  microscope 
observations  and  ultracentrifuge  determinations  must  be  used 
in  addition  to  the  osmotic  pressure,  electrophoresis,  and  mono- 
layer  measurements  described  herein.  Some  of  the  data  is 
conflicting,  but  much  of  it  is  not.  Some  of  the  conflicts 
observed  are  due  to  the  very  nature  of  the  proteins.  Being  a 
fundamental  part  of  living  matter,  they  are  very  complex  and 
subject  to  change.  The  term  "molecular  weight"  is  probably  a 
misnomer  in  that  it  implies  that  proteins  are  composed  of 
clearly  defined  units,  and  that  the  units  of  a  particular 
substance  are  all  the  same.  It  has  been  shown  that  a  protein 
which  apparently  is  a  single  chemical  compound  may  appear  to 
be  made  up  of  three  separate  species  in  electrophoresis 
analysis.  The  sizes  of  the  particles  are  found  to  be  dependent 
on  the  treatment  given  the  protein.  Who  is  to  day  what  the 
molecular  v/eight  of  a  particular  substance  is,  when  investigators 
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with  equally  precise  methods  find  widely  different  "molecular 
weights"?  Does  the  protein  molecule  exist  in  the  living 
organism  as  a  single  unit?  Probably  the  molecules  are  held 
together  by  weak  chemical,  electrical  and  physical  bonds. 

Plant  proteins  seem  to  be  less  clearly  defined  than 
animal  proteins.  This  is  shown  in  part  by  the  failure  of  most 
plant  proteins  to  crystallize.  The  instability  of  pea  proteins 
during  spreading  also  demonstrates  this. 

Because  of  the  fact  that  the  term  "molecular  iroight" 
is  artificial  and  somewhat  misleading  it  is  felt  that  "particle 
weight"  would  be  a  better  expression. 

The  numerical  data  for  the  five  proteins  studied  in 
this  investigation  are  summarized  in  Table  2. 

It  has  been  shown  that  egg  albumin  is  probably  a 
layer  type  molecule  which  is  "unleafed"  in  spreading.  The 
molecule  is  found  to  dissociate  if  the  spreading  area  is  very 
large.  The  molecular  weight  from  gaseous  monolayer  measurements 
is  found  to  be  about  43,200. 

Much  evidence  is  presented  to  show  that  vicilin  is 
also  a  layer  type  molecule.  A  particle  weight  of  28,400 
determined  by  monolayer  methods  is  shown  to  be  compatible 
with  a  particle  weight  of  198,000  determined  by  osmotic 
pressure  measurements. 
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Legumin  is  shown  to  have  much  the  same  properties 
when  prepared  by  two  different  methods.  The  molecule  is 
apparently  larger  than  the  vicilin  molecule  in  solution.  The 
structure  of  the  molecule  is  probably  not  of  the  layer  type; 
possibly  the  Wrinch  cyclol  theory  would  fit. 

Legumelin  is  found  to  have  a  very  small  particle 
weight.  Probably  the  structure  is  of  the  layer  type. 
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SUGGESTIONS  FOR  FURTHER  WORK 
The  protein  monolayer  project  is  far  from  completed.. 

1.  Determinations  of  molecular  weight  and  degree  of  spread¬ 
ing  may  be  carried  out  on  different  substrates,  at  various 

pH*s  and  at  various  temperatures. 

2.  The  effect  of  temperature  gradients  across  the  surface 
may  be  studied  in  great  detail. 

3.  The  thermodynamics  of  monolayers  is  ver^’  interesting  (16). 
Work  along  this  line  would  involve  making  monolayer  runs  over  a 
wide  range  of  temperatures.  The  thermostating  system  would 

have  to  be  extended  to  permit  measurements  over  a  wide  range, 
say,  from  -30°C.  to  70®C. 

4.  The  effect  of  ultraviolet  light  falling  on  the  spread 
film  may  be  studied. 

5.  Isoelectric  points  of  proteins  may  be  determined  by 
spreading  methods. 

6.  The  surface  potential  studies  may  be  extensively 
expanded. 
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